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Notice

All information included in this document is current as of the date this document isissued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful atention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

Y ou should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. Y ou are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any lossesincurred by
you or third parties arising from the use of these circuits, software, or information.

When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. Y ou should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the devel opment of weapons of mass destruction. Renesas Electronics products and
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited
under any applicable domestic or foreign laws or regulations.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errorsin or omissions from the information included herein.

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific”. The recommended applications for each Renesas Electronics product depends on the product’ s quality grade, as
indicated below. Y ou must check the quality grade of each Renesas Electronics product before using it in aparticular
application. You may not use any Renesas Electronics product for any application categorized as “ Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not bein any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as “ Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is “ Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home electronic appliances, machine tools; personal electronic equipment; and industrial robots.
“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.
“Specific”: Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or heathcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose adirect threat to human life.
Y ou should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especialy with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physica injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system
manufactured by you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or losses occurring as aresult of your noncompliance with
applicable laws and regulations.

This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas
Electronics.

Please contact a Renesas Electronics sdes office if you have any questions regarding the information contained in this
document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) “Renesas Electronics’ as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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Keep safety first in your circuit designs!

. Renesas Technology Corp. puts the maximum effort into making semiconductor products better and
more reliable, but there is always the possibility that trouble may occur with them. Trouble with
semiconductors may lead to personal injury, fire or property damage.

Remember to give due consideration to safety when making your circuit designs, with appropriate
measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of nonflammable material or
(iii) prevention against any malfunction or mishap.

Notes regarding these materials

. These materials are intended as a reference to assist our customers in the selection of the Renesas
Technology Corp. product best suited to the customer's application; they do not convey any license
under any intellectual property rights, or any other rights, belonging to Renesas Technology Corp. or
a third party.

. Renesas Technology Corp. assumes no responsibility for any damage, or infringement of any third-
party's rights, originating in the use of any product data, diagrams, charts, programs, algorithms, or
circuit application examples contained in these materials.

. All information contained in these materials, including product data, diagrams, charts, programs and
algorithms represents information on products at the time of publication of these materials, and are
subject to change by Renesas Technology Corp. without notice due to product improvements or
other reasons. It is therefore recommended that customers contact Renesas Technology Corp. or
an authorized Renesas Technology Corp. product distributor for the latest product information
before purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical errors.
Renesas Technology Corp. assumes no responsibility for any damage, liability, or other loss rising
from these inaccuracies or errors.

Please also pay attention to information published by Renesas Technology Corp. by various means,
including the Renesas Technology Corp. Semiconductor home page (http://www.renesas.com).

. When using any or all of the information contained in these materials, including product data,
diagrams, charts, programs, and algorithms, please be sure to evaluate all information as a total
system before making a final decision on the applicability of the information and products. Renesas
Technology Corp. assumes no responsibility for any damage, liability or other loss resulting from the
information contained herein.

. Renesas Technology Corp. semiconductors are not designed or manufactured for use in a device or
system that is used under circumstances in which human life is potentially at stake. Please contact
Renesas Technology Corp. or an authorized Renesas Technology Corp. product distributor when
considering the use of a product contained herein for any specific purposes, such as apparatus or
systems for transportation, vehicular, medical, aerospace, nuclear, or undersea repeater use.

. The prior written approval of Renesas Technology Corp. is necessary to reprint or reproduce in
whole or in part these materials.

. If these products or technologies are subject to the Japanese export control restrictions, they must
be exported under a license from the Japanese government and cannot be imported into a country
other than the approved destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan and/or the
country of destination is prohibited.

. Please contact Renesas Technology Corp. for further details on these materials or the products
contained therein.
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General Precautionson Handling of Product

1. Treatment of NC Pins

Note:

Do not connect anything to the NC pins.

The NC (not connected) pins are either not connected to any of the internal circuitry or are
used astest pins or to reduce noise. If something is connected to the NC pins, the
operation of the LS| is not guaranteed.

2. Treatment of Unused Input Pins

Note:

Fix all unused input pinsto high or low level.

Generally, the input pins of CMOS products are high-impedance input pins. If unused pins
arein their open states, intermediate levels are induced by noise in the vicinity, a pass-
through current flows internally, and a malfunction may occur.

3. Processing before Initialization

Note:

When power is first supplied, the product's state is undefined.

The states of interna circuits are undefined until full power is supplied throughout the
chip and alow level isinput on the reset pin. During the period where the states are
undefined, the register settings and the output state of each pin are also undefined. Design
your system so that it does not malfunction because of processing whileitisin this
undefined state. For those products which have a reset function, reset the LS| immediately
after the power supply has been turned on.

4. Prohibition of Accessto Undefined or Reserved Addresses

Note:

Access to undefined or reserved addresses is prohibited.

The undefined or reserved addresses may be used to expand functions, or test registers
may have been be allocated to these addresses. Do not access these registers; the system's
operation is not guaranteed if they are accessed.
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Configuration of This Manual

This manual comprises the following items:

General Precautions on Handling of Product
Configuration of This Manual

Preface

Contents

Overview

Description of Functional Modules

* CPU and System-Control Modules

e On-Chip Peripheral Modules

The configuration of the functional description of each module differs according to the
module. However, the generic style includes the following items:

i) Feature

ii) Input/Output Pin
iii) Register Description
iv) Operation

v) Usage Note

o 0k~ wbdPE

When designing an application system that includes this L SI, take notes into account. Each section
includes notes in relation to the descriptions given, and usage notes are given, as required, as the
final part of each section.

7. List of Registers

8. Electrical Characteristics

9. Appendix

10. Main Revisions and Additionsin this Edition (only for revised versions)

Thelist of revisionsis asummary of points that have been revised or added to earlier versions.
This does not include all of the revised contents. For details, see the actual locationsin this
manual.

11. Index
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Preface

The H8/36064 Group is a single-chip microcomputer made up of the high-speed H8/300H CPU as
its core, and the peripheral functions required to configure a system. The H8/300H CPU has an
instruction set that is compatible with the H8/300 CPU.

Target Users:  This manual was written for users who will be using the H8/36064 Group in the
design of application systems. Target users are expected to understand the
fundamentals of electrical circuits, logical circuits, and microcomputers.

Objective: This manual was written to explain the hardware functions and electrical
characteristics of the H8/36064 Group to the target users.
Refer to the H8/300H Series Software Manual for a detailed description of the
instruction set.

Notes on reading this manual:

e Inorder to understand the overall functions of the chip
Read the manual according to the contents. This manual can be roughly categorized into parts
on the CPU, system control functions, peripheral functions, and electrical characteristics.
e Inorder to understand the details of the CPU's functions
Read the H8/300H Series Software Manual.
e Inorder to understand the details of aregister when its name is known
Read the index that is the final part of the manual to find the page number of the entry on the

register. The addresses, bits, and initial values of the registers are summarized in section 20,
List of Registers.

Example: Register name:  The following notation is used for cases when the same or a
similar function, e.g. serial communication interface, is
implemented on more than one channel:

XXX_N (XXX istheregister name and N isthe channel

number)
Bit order: The MSB is on the left and the LSB is on the right.
Number notation: Binary is B'xxxx, hexadecimal is H'xxxx, and decimal is
XXXX.

Signal notation:  An overbar is added to alow-active signal: xxxx
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Notes.

When using an on-chip emulator (E7, E8) for H8/36064 program devel opment and debugging, the
following restrictions must be noted .

1
2.

The NMI pin is reserved for the E7 or E8, and cannot be used.

Pins P85, P86, and P87 cannot be used. In order to use these pins, additional hardware must be
provided on the user board.

AreaH'7000 to H'7FFF is used by the E7 or E8, and is not available to the user.

Area H'F780 to H'FB7F must on no account be accessed.

When the E7 or E8 is used, address breaks can be set as either available to the user or for use
by the E7 or E8. If address breaks are set as being used by the E7 or E8, the address break
control registers must not be accessed.

When the E7 or E8 is used, NMI is an input/output pin (open-drain in output mode), P85 and
P87 areinput pins, and P86 is an output pin.

Use channel 1 of the SCI3 (P21/RXD, P22/TXD) in on-board programming mode by boot
mode.

Related Manuals:  Thelatest versions of all related manuals are available from our web site.

Please ensure you have the latest versions of all documents you require.
http://www.renesas.com/

H8/36064 Group manuals:

Document Title Document No.
H8/36064 Group Hardware Manual This manual
H8/300H Series Software Manual REJ09B0213

User's manuals for development tools:

Document Title Document No.

H8S, H8/300 Series C/C++ Compiler, Assembler, Optimizing Linkage Editor REJ10B0058
User's Manual

Microcomputer Development Environment System H8S, H8/300 Series ADE-702-282
Simulator/Debugger User's Manual

H8S, H8/300 Series High-Performance Embedded Workshop 3, Tutorial REJ10B0024
H8S, H8/300 Series High-Performance Embedded Workshop 3, User's REJ10B0026
Manual
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Application notes:

Document Title Document No.
H8S, H8/300 Series C/C++ Compiler Package Application Note REJ05B0464
Single Power Supply F-ZTAT™ On-Board Programming ADE-502-055
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Section 1 Overview

Section 1l Overview

1.1 Features

o High-speed H8/300H central processing unit with an internal 16-bit architecture
— Upward-compatible with H8/300 CPU on an abject level
— Sixteen 16-bit general registers
— 62 basic instructions
e Various peripheral functions
— Timer B1 (8-bit timer)
— Timer V (8-bit timer)
— Timer Z (16-bit timer)
— 14-bit PWM
— Watchdog timer
— SCI (Asynchronous or clocked synchronous serial communication interface) x 2 channels

— I°C bus interface 2 (conforms to the I°C bus interface format that is advocated by Philips
Electronics)

— 10-hit A/D converter

Rev. 2.00 Sep. 23,2005 Page 1 of 444
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Section 1 Overview

e On-chip memory

Model

On-Chip Power-On Reset
and Low-Voltage Detecting

Product Classification Circuit Version ROM RAM Remarks
Flash memory version H8/36064GF HD64F36064G 32 kbytes 2 kbytes Under
(F-ZTAT™ version) development

Note: F-ZTAT™ is a trademark of Renesas Technology Corp.

e Genera /O ports
— /O pins: 45 1/O pins, including 8 large current ports (I, =20 mA, @V, = 1.5V)
— Input-only pins: 8 input pins (also used for analog input)

e Supports various power-down states

e Compact package

Package Code Body Size Pin Pitch
QFP-64 FP-64A 14.0 X 14.0 mm 0.8 mm
LQFP-64 FP-64E 10.0 X 10.0 mm 0.5 mm

Rev. 2.00 Sep. 23,2005 Page 2 of 444
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Section 1 Overview

12

Internal Block Diagram

P17/IRQ3/TRGV
P16/IRQ2
P15/IRQ1/TMIB1
P14/IRQ0

P12

P11/PWM

P10

P24

P23
P22/TXD
P21/RXD
P20/SCK3

P37
P36
P35
P34
P33
P32
P31
P30

P57/SCL

P56/SDA

P55/ WKP5/ADTRG
P54/WKP4

P53/ WKP3
P52/WKP2
P51/WKPT
P50/WKPO

prebeey o prtrt o ttrtttt

pitttye

pot2 || Port 1

Port 3

Port 5
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28 38 3BEk
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System CPU
clock H8/300H
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- 1 U
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RAM
4 ROM
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V|
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N 14-bit sCI3 2
DE PWM _
Timer Z Watchdog
—\ )
timer
Timer V Timer B1

A/D converter

Data bus (upper)

(Y T 1

JU

Port 6

9

Port 7

U

U

~— P67/FTIOD1

~— P66/FTIOC1
~— P65/FTIOB1
~— P64/FTIOA1
~— P63/FTIODO
~— P62/FTIOCO
[~— P61/FTIOBO
|__I~— P60/FTIOAQ

~— P76/TMOV
[~— P75/TMCIV
<~ P74/TMRIV
[~ P72/TXD_2
[~ P71/RXD_2
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o
o
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Figure1l.1 Internal Block Diagram
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13 Pin Assignment
N ™ T = = O o 9
o ® 0O 0m< < o O
X o QX © 00090 o Q
&) xX X O FFFFF F F
@ [ oL bbb LS
O M AN ~ O NN O O NN © BV ¥ Ol —
K &0 8 A N © © O © © © © © = © ©
[ I o WY o I o NN M N o O o O o O o O o O HO a T P A T o
48 47 46 45 44 43 42 41 4039 38 37 36 35 34 33
P71/RXD_2 [] 49 321 P63/FTIODO
P72/TXD_2 [] 50 31 P24
P14/IRQ0 [] 51 301 P76/TMOV
P15/1RQ1/TMIB1 [] 52 291 P75/TMCIV
P16/IRQ2 [] 53 281 P74/TMRIV
P171RQ3/TRGV [] 54 271 P57/SCL
55 26 P56/SDA
P33 H8/36064 Group -
P32 [] 56 . 2577 P12
Top View
P31 [] 57 2417 P11/PWM
P30 [] 58 2311 P10
PB3/AN3 [] 59 221 P55/WKP5/ADTRG
PB2/AN2 [] 60 211 P54/WKP4
PB1/AN1 [] 61 20 [] P53/WKP3
PBO/ANO [] 62 191 P52/WKP2
PB4/AN4 [] 63 18] P37
PB5/AN5 [] 64 171 P36
\ ! 2 34 56 7 8 9 10 11 1213 14 15 16
©OnN Q0O 0 FlWME 2N T QO |- Y W
s2s22cffpifglEEes
& R = o O 22
m m S =
oo 35
o o

Note: Nothing should be connected to the NC pin. (The NC pin is not connected internally.)

Figurel.2 Pin Assignment (FP-64A, FP-64E)
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Section 1 Overview

14 Pin Functions

Table1.1 Pin Functions
Pin No.
FP-64A
Type Symbol FP-64E 110 Functions
Power Ve 12 Input  Power supply pin. Connect this pin to the
source pins system power supply.
A/ 9 Input  Ground pin. Connect this pin to the system
power supply (0V).
AV, 3 Input  Analog power supply pin for the A/D converter.
When the A/D converter is not used, connect
this pin to the system power supply.
V. 6 Input Internal step-down power supply pin. Connect
a capacitor of around 0.1 uF between this pin
and the Vss pin for stabilization.
Clock pins  OSCH1 11 Input  These pins connect with crystal or ceramic
0OSC2 10 Output resonator for the system clock, or can be used
to input an external clock.
See section 5, Clock Pulse Generators, for a
typical connection.
System RE 7 Input  Reset pin. The pull-up resistor (typ. 150 kQ) is
control incorporated. When driven low, the chip is
reset.
TEST 8 Input  Test pin. Connect this pin to Vss.
Interrupt NMI 35 Input  Non-maskable interrupt request input pin.
pins Be sure to pull-up by a pull up resistor.
IRQO to 51 to 54 Input  External interrupt request input pins. Can
IRQ3 select the rising or falling edge.
WKPO to 13, 14, Input  External interrupt request input pins. Can
WKP5 19to 22 select the rising or falling edge.
Timer B1 TMIB1 52 Input  External event input pin.
Timer V TMOV 30 Output This is an output pin for waveforms generated
by the output compare function.
TMCIV 29 Input  External event input pin.
TMRIV 28 Input  Counter reset input pin.
TRGV 54 Input  Counter start trigger input pin.
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Pin No.
FP-64A
Type Symbol FP-64E le] Functions
Timer Z FTIOAO 36 I/0 Output compare output/input capture
input/external clock input pin
FTIOBO 34 I/O Output compare output/input capture
input/PWM output pin
FTIOCO 33 IO Output compare output/input capture
input/PWM sync output pin (at a reset,
complementary PWM mode)
FTIODO 32 I/0 Output compare output/input capture
input/PWM output pin
FTIOA1 37 I/0 Output compare output/input capture
input/PWM output pin (at a reset,
complementary PWM mode)
FTIOB1 to 38 t0 40 I/0 Output compare output/input capture
FTIOD1 input/PWM output pin
14-bit PWM PWM 24 Output 14-bit PWM square wave output pin
I’C bus SDA 26 I/O I?C data I/O pin. Can directly drive a bus by
interface NMOS open-drain output. When using this pin,
an external pull-up resistor is required.
SCL 27 I/0 I?C clock I/0 pin. Can directly drive a bus by
NMOS open-drain output. When using this pin,
an external pull-up resistor is required.
Serial com- TXD, 46, 50 Output Transmit data output pin
munication TXD_2
interface RXD, 45, 49 Input Receive data input pin
(SCI3) RXD_2
SCKa3, 44, 48 I/O Clock 1/0 pin
SCK3_2
A/D AN7 to ANO 1,2, Input  Analog input pin
converter 59 to 64
ADTRG 22 Input  A/D converter trigger input pin.
Rev. 2.00 Sep. 23, 2005 Page 6 of 444
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Pin No.
FP-64A
Type Symbol FP-64E 1/0 Functions
I/O ports PB7to PBO 1,2, Input  8-bit input port.

59 to 64

P17 to P14, 51 to 54, /10 7-bit 1/0 port.

P12to P10 23to 25

P24 to P20 31, I/0 5-bit I/O port.
44 to 47

P37t0o P30 1510 18, I/0 8-bit 1/0 port
551to0 58

P57 to P50 13, 14, 1/10 8-bit I/O port
19 to 22,
26, 27

P67 to P60 32 to 34, 36, 1/O 8-bit I/O port
37 to 40

P76 to P74, 28 to 30, I/0 6-bit 1/0 port

P72to P70  48to0 50

P87to P85 411043 I/0 3-bit 1/0O port.
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Section2 CPU

This LS| has an H8/300H CPU with an internal 32-bit architecture that is upward-compatible with
the H8/300CPU, and supports only normal mode, which has a 64-kbyte address space.

Upward-compatible with H8/300 CPUs

— Can execute H8/300 CPUs object programs

— Additional eight 16-bit extended registers

— 32-bit transfer and arithmetic and logic instructions are added

— Signed multiply and divide instructions are added.

General-register architecture

— Sixteen 16-bit general registers also usable as sixteen 8-bit registers and eight 16-bit
registers, or eight 32-bit registers

Sixty-two basic instructions

— 8/16/32-hit data transfer and arithmetic and logic instructions

— Multiply and divide instructions

— Powerful bit-manipulation instructions

Eight addressing modes

— Register direct [Rn]

— Register indirect [ @ERN]

— Register indirect with displacement [@(d:16,ERn) or @(d:24,ERn)]

— Register indirect with post-increment or pre-decrement [ @ERN+ or @—ERnN]

— Absolute address [ @aa:8, @aa: 16, @aa.24]

— Immediate [#xx:8, #xx:16, or #xx:32]

— Program-counter relative [@(d:8,PC) or @(d:16,PC)]

— Memory indirect [ @@aa:8]

64-kbyte address space

High-speed operation

— All frequently-used instructions execute in one or two states

— 8/16/32-hit register-register add/subtract . 2 states

— 8x 8-hit register-register multiply  : 14 states

— 16 + 8-bit register-register divide  : 14 states

— 16 x 16-hit register-register multiply : 22 states

— 32+ 16-bit register-register divide : 22 states

CPU30H2C_000120030600 Rev. 2.00 Sep. 23,2005 Page 9 of 444
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Section2 CPU

¢ Power-down state
— Trangition to power-down state by SLEEP instruction

2.1 Address Space and Memory Map

The address space of this LSl is 64 kbytes, which includes the program area and the data area.
Figures 2.1 show the memory map.

HD64F36064G
(Flash memory version)

10043 [ __ Interrupt vector ]
H'0042
On-chip ROM
(32 kbytes)

H'7FFF

E Not used E
H'F700 .
HE77F Internal I/O register

H'F780 | (1 kbyte work area
for flash memory
programming)

H'FB7F )

. --- On-chip RAM - - -
HFB80 (2 kbytes)
HEF7e| (1 kbyte user area)
H'FF80

Internal I/O register

HFFFF

Figure2.1 Memory Map

Rev. 2.00 Sep. 23,2005 Page 10 of 444
REJ09B0068-0200 RENESAS




Section2 CPU

2.2 Register Configuration

The H8/300H CPU has the internal registers shown in figure 2.2. There are two types of registers;
general registers and control registers. The control registers are a 24-bit program counter (PC), and
an 8-bit condition-code register (CCR).

General Registers (ERn)

ERO
ER1
ER2
ER3
ER4
ER5
ER6
ER7

15 07 07 0
EO ROH ROL
E1 R1H R1L
E2 R2H RoL
E3 R3H R3L
E4 R4H R4L
E5 R5H R5L
E6 R6H R6L
E7 (SP) R7H R7L

Control Registers (CR)

0

23
PC |
[Legend]
SP: Stack pointer H: Half-carry flag
PC: Program counter U:  User bit
CCR: Condition-code register N: Negative flag
I: Interrupt mask bit Z: Zero flag
ul: User bit V: Overflow flag
C: Carryflag

76543210

cer [1uH]u[n]z]v]c

Figure2.2 CPU Registers

RENESAS
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Section2 CPU

221 General Registers

The H8/300H CPU has eight 32-hit general registers. These general registers are al functionally
identical and can be used as both address registers and data registers. When a general register is
used as a data register, it can be accessed as a 32-bit, 16-bit, or 8-bit register. Figure 2.3 illustrates
the usage of the general registers. When the general registers are used as 32-hit registers or address
registers, they are designated by the letters ER (ERO to ER7).

The ER registers divide into 16-bit general registers designated by the letters E (EO to E7) and R
(RO to R7). These registers are functionally equivalent, providing a maximum of sixteen 16-bit
registers. The E registers (EO to E7) are also referred to as extended registers.

The R registers divide into 8-bit registers designated by the letters RH (ROH to R7H) and RL (ROL
to R7L). These registers are functionally equivalent, providing a maximum of sixteen 8-bit
registers.

The usage of each register can be selected independently.

* Address registers * 16-bit registers * 8-bit registers
* 32-bit registers

E registers (extended registers)
(EO to E7)

ER registers RH registers
(ERO to ER7) (ROH to R7H)
R registers
(RO to R7)

RL registers
(ROL to R7L)

Figure2.3 Usage of General Registers

General register ER7 has the function of stack pointer (SP) in addition to its general-register
function, and is used implicitly in exception handling and subroutine calls. Figure 2.4 shows the
relationship between the stack pointer and the stack area.

Rev. 2.00 Sep. 23,2005 Page 12 of 444
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Empty area

SP (ER7) —» ]

Stack area

/\/

Figure2.4 Relationship between Stack Pointer and Stack Area

222 Program Counter (PC)

This 24-bit counter indicates the address of the next instruction the CPU will execute. The length
of al CPU instructionsis 2 bytes (one word), so the least significant PC bit isignored. (When an
instruction is fetched, the least significant PC bit is regarded as 0). The PC isinitialized when the
start address is |oaded by the vector address generated during reset exception-handling sequence.

223 Condition-Code Register (CCR)

This 8-hit register containsinternal CPU status information, including an interrupt mask bit (1) and
half-carry (H), negative (N), zero (Z2), overflow (V), and carry (C) flags. Thel hitisinitialized to 1
by reset exception-handling sequence, but other bits are not initialized.

Some instructions leave flag bits unchanged. Operations can be performed on the CCR bits by the
LDC, STC, ANDC, ORC, and XORC instructions. The N, Z, V, and C flags are used as branching
conditions for conditional branch (Bcc) instructions.

For the action of each instruction on the flag bits, see Appendix A.1, Instruction List.

Rev. 2.00 Sep. 23,2005 Page 13 of 444
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Initial
Bit Bit Name Value R/W

Description

7 | 1 R/W

Interrupt Mask Bit

Masks interrupts other than NMI when set to 1. NMI is
accepted regardless of the | bit setting. The | bit is set
to 1 at the start of an exception-handling sequence.

6 ul Undefined R/W

User Bit

Can be written and read by software using the LDC,
STC, ANDC, ORC, and XORC instructions.

5 H Undefined R/W

Half-Carry Flag

When the ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B,
or NEG.B instruction is executed, this flag is set to 1 if
there is a carry or borrow at bit 3, and cleared to 0
otherwise. When the ADD.W, SUB.W, CMP.W, or
NEG.W instruction is executed, the H flag is set to 1 if
there is a carry or borrow at bit 11, and cleared to 0
otherwise. When the ADD.L, SUB.L, CMP.L, or NEG.L
instruction is executed, the H flag is set to 1 if there is a
carry or borrow at bit 27, and cleared to 0 otherwise.

4 U Undefined R/W

User Bit

Can be written and read by software using the LDC,
STC, ANDC, ORC, and XORC instructions.

3 N Undefined R/W

Negative Flag

Stores the value of the most significant bit of data as a
sign bit.

2 V4 Undefined R/W

Zero Flag

Set to 1 to indicate zero data, and cleared to 0 to
indicate non-zero data.

1 \ Undefined R/W

Overflow Flag

Set to 1 when an arithmetic overflow occurs, and
cleared to 0 at other times.

0 C Undefined R/W

Carry Flag

Set to 1 when a carry occurs, and cleared to 0
otherwise. Used by:

e Add instructions, to indicate a carry
e Subtract instructions, to indicate a borrow
e Shift and rotate instructions, to indicate a carry

The carry flag is also used as a bit accumulator by bit
manipulation instructions.
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2.3

Data Formats

The H8/300H CPU can process 1-hit, 4-bit (BCD), 8-bit (byte), 16-bit (word), and 32-bit
(longword) data. Bit-manipulation instructions operate on 1-bit data by accessing bitn (n=0to 7)
of byte operand data. The DAA and DAS decimal-adjust instructions treat byte data as two digits

of 4-bit BCD data.

231

General Register Data Formats

Figure 2.5 shows the data formats in general registers.

Data Type

1-bit data

1-bit data

4-bit BCD data

4-bit BCD data

Byte data

Byte data

General Register

RnH

RnL

RnH

RnL

RnH

RnL

Data Format
7

0

7161 514}3 2} 1,0

! Don't care |7i6i5i4i3i2i1i0
7 43 o i
| Upper | Lower | Don't care :
.................. J
___________________ 7 43 0
Don't care | Upper | Lower |
7 o
BEEEREE Dontcare !
MSB Lse T
___________________ 7 0
L Dontcare | 10l il
"""""""""" MSB LsB

Figure2.5 General Register Data Formats (1)

RENESAS
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Data Type

Word data

Word data

Longword
data

[Legend]

ERn: General register ER
En:  General register E
Rn:  General register R
RnH: General register RH
RnL: General register RL
MSB: Most significant bit
LSB: Least significant bit

General
Register

Rn

ERn

Data Format

|15..... IO
|\/|ISBIIII LISB
15...............0
BERERERRRREREERE
MSB LSB
31 16 15 0
EEREEEEREREEEEEEEEREE :
MSB LSB

Figure2.5 General Register Data Formats (2)
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232 Memory Data For mats

Figure 2.6 shows the data formats in memory. The H8/300H CPU can access word data and
longword datain memory, however word or longword data must begin at an even address. If an
attempt is made to access word or longword data at an odd address, an address error does not
occur, however the least significant bit of the addressis regarded as 0, so access begins the
preceding address. This also appliesto instruction fetches.

When ER7 (SP) is used as an address register to access the stack area, the operand size should be
word or longword.

Data Type Address Data Format
7 0
1-bit data Address L 7 |6 |5|4|3|2|1 |o
Byte data Address L MSBE ; ; ; ; ; ELSB
Word data Address 2M SBE
Address2M+1 | 1 i 1 1 1 1 iLSB

Longword data Address 2N \ISB!

Address 2N+1 T R

Address2N+2 [ 1 ' 1 or oo

Address 2N+3 Db 1 LSB

Figure2.6 Memory Data Formats
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24 Instruction Set

241 Table of Instructions Classified by Function

The H8/300H CPU has 62 instructions. Tables 2.2 to 2.9 summarize the instructions in each
functional category. The notation used in tables 2.2 to 2.9 is defined below.

Table2.1 Operation Notation

Symbol Description

Rd General register (destination)*
Rs General register (source)*
Rn General register*

ERn General register (32-bit register or address register)
(EAd) Destination operand
(EAs) Source operand

CCR Condition-code register

N N (negative) flag in CCR
VA Z (zero) flag in CCR

\Y V (overflow) flag in CCR
C C (carry) flag in CCR

PC Program counter

SP Stack pointer

#MM Immediate data

disp Displacement

+ Addition

- Subtraction

X Multiplication

= Division

A Logical AND

v Logical OR

@ Logical XOR

- Move

NOT (logical complement)
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Symbol Description

:3/:8/:16/:24 3-, 8-, 16-, or 24-bit length

Note: * General registers include 8-bit registers (ROH to R7H, ROL to R7L), 16-bit registers (RO
to R7, EO to E7), and 32-bit registers/address register (ERO to ER7).

Table2.2 DataTransfer Instructions

Instruction Size*

Function

MOV B/W/L  (EAs) - Rd, Rs — (EAd)
Moves data between two general registers or between a general register
and memory, or moves immediate data to a general register.
MOVFPE B (EAs) - Rd
Cannot be used in this LSI.
MOVTPE B Rs — (EAs)
Cannot be used in this LSI.
POP Wi/L @SP+ — Rn
Pops a general register from the stack. POP.W Rn is identical to
MOV.W @SP+, Rn. POP.L ERn is identical to MOV.L @SP+, ERn.
PUSH Wi/L Rn —» @-SP

Pushes a general register onto the stack. PUSH.W Rn is identical to
MOV.W Rn, @-SP. PUSH.L ERn is identical to MOV.L ERn, @—-SP.

Note: * Refers to the operand size.

B: Byte
W: Word
L: Longword

Rev. 2.00 Sep. 23,2005 Page 19 of 444
RENESAS REJ09B0068-0200



Section2 CPU

Table2.3 Arithmetic Operations Instructions (1)

Instruction Size* Function

ADD, B/W/L Rd+Rs—Rd, Rdz#MM— Rd

SUB Performs addition or subtraction on data in two general registers, or on
immediate data and data in a general register (immediate byte data
cannot be subtracted from byte data in a general register. Use the
SUBX or ADD instruction.)

ADDX, B Rd+Rs+C —» Rd, Rd =+ #MM +C — Rd

SUBX Performs addition or subtraction with carry on byte data in two general
registers, or on immediate data and data in a general register.

INC, B/W/L Rd+x1—-Rd, Rd+2— Rd

DEC Increments or decrements a general register by 1 or 2. (Byte operands
can be incremented or decremented by 1 only.)

ADDS, L Rd+1—>Rd, Rd+2 —>Rd, Rd+4 — Rd

SUBS Adds or subtracts the value 1, 2, or 4 to or from data in a 32-bit register.

DAA, B Rd (decimal adjust) - Rd

DAS Decimal-adjusts an addition or subtraction result in a general register by
referring to the CCR to produce 4-bit BCD data.

MULXU B/W Rd x Rs — Rd
Performs unsigned multiplication on data in two general registers: either
8 bits x 8 bits — 16 bits or 16 bits x 16 bits — 32 bits.

MULXS B/W Rd x Rs — Rd
Performs signed multiplication on data in two general registers: either 8
bits x 8 bits — 16 bits or 16 bits x 16 bits — 32 bits.

DIVXU B/W Rd + Rs —» Rd
Performs unsigned division on data in two general registers: either 16
bits + 8 bits — 8-bit quotient and 8-bit remainder or 32 bits + 16 bits —
16-bit quotient and 16-bit remainder.

Note: * Refers to the operand size.

B: Byte
W: Word
L: Longword
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Table2.3 Arithmetic Operations Instructions (2)

Instruction Size* Function

DIVXS B/W Rd + Rs —» Rd
Performs signed division on data in two general registers: either 16 bits
+ 8 bits — 8-bit quotient and 8-bit remainder or 32 bits + 16 bits — 16-bit
quotient and 16-bit remainder.

CMP B/W/L Rd-Rs, Rd-#IMM
Compares data in a general register with data in another general
register or with immediate data, and sets CCR bits according to the
result.

NEG B/W/L 0-Rd— Rd
Takes the two's complement (arithmetic complement) of data in a
general register.

EXTU Wi/L Rd (zero extension) — Rd
Extends the lower 8 bits of a 16-bit register to word size, or the lower 16
bits of a 32-bit register to longword size, by padding with zeros on the
left.

EXTS Wi/L Rd (sign extension) — Rd

Extends the lower 8 bits of a 16-bit register to word size, or the lower 16
bits of a 32-bit register to longword size, by extending the sign bit.

Note: * Refers to the operand size.
B: Byte
W: Word

L: Longword
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Table2.4 Logic Operations|nstructions

Instruction Size*

Function

AND B/W/L

Rd A Rs - Rd, Rd A #IMM — Rd
Performs a logical AND operation on a general register and another
general register or immediate data.

OR B/W/L

Rd v Rs - Rd, Rdv #IMM — Rd
Performs a logical OR operation on a general register and another
general register or immediate data.

XOR B/W/L

Rd ® Rs —» Rd, Rd ® #IMM — Rd
Performs a logical exclusive OR operation on a general register and
another general register or immediate data.

NOT B/W/L

= (Rd) — (Rd)
Takes the one's complement (logical complement) of general register
contents.

Note: * Refers to the operand size.

B: Byte
W: Word

L: Longword

Table25 Shift Instructions

Instruction Size*

Function

SHAL, B/W/L  Rd (shift) - Rd
SHAR Performs an arithmetic shift on general register contents.
SHLL, B/W/L  Rd (shift) - Rd
SHLR Performs a logical shift on general register contents.
ROTL, B/W/L  Rd (rotate) —» Rd
ROTR Rotates general register contents.
ROTXL, B/W/L  Rd (rotate) — Rd
ROTXR Rotates general register contents through the carry flag.
Note: * Refers to the operand size.

B: Byte

W: Word

L: Longword
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Table2.6 Bit Manipulation Instructions (1)

Instruction Size* Function

BSET B 1 — (<bit-No.> of <EAd>)
Sets a specified bit in a general register or memory operand to 1. The bit
number is specified by 3-bit immediate data or the lower three bits of a
general register.

BCLR B 0 — (<bit-No.> of <EAd>)
Clears a specified bit in a general register or memory operand to 0. The
bit number is specified by 3-bit immediate data or the lower three bits of
a general register.

BNOT B - (<bit-No.> of <EAd>) — (<bit-No.> of <EAd>)
Inverts a specified bit in a general register or memory operand. The bit
number is specified by 3-bit immediate data or the lower three bits of a
general register.

BTST B - (<bit-No.> of <EAd>) —» Z
Tests a specified bit in a general register or memory operand and sets
or clears the Z flag accordingly. The bit number is specified by 3-bit
immediate data or the lower three bits of a general register.

BAND B C A (<bit-No.> of <EAd>) — C
ANDs the carry flag with a specified bit in a general register or memory
operand and stores the result in the carry flag.

BIAND B C A = (<bit-No.> of <EAd>) —» C
ANDs the carry flag with the inverse of a specified bit in a general
register or memory operand and stores the result in the carry flag.
The bit number is specified by 3-bit immediate data.

BOR B C v (<bit-No.> of <EAd>) —» C
ORs the carry flag with a specified bit in a general register or memory
operand and stores the result in the carry flag.

BIOR B C v - (<bit-No.> of <EAd>) —» C

ORs the carry flag with the inverse of a specified bit in a general register
or memory operand and stores the result in the carry flag.
The bit number is specified by 3-bit immediate data.

Note: * Refers to the operand size.
B: Byte
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Table2.6 Bit Manipulation Instructions (2)

Instruction Size* Function

BXOR B C @ (<bit-No.> of <EAd>) —» C
XORs the carry flag with a specified bit in a general register or memory
operand and stores the result in the carry flag.

BIXOR B C ® = (<bit-No.> of <EAd>) - C
XORs the carry flag with the inverse of a specified bit in a general
register or memory operand and stores the result in the carry flag.
The bit number is specified by 3-bit immediate data.

BLD B (<bit-No.> of <EAd>) —» C
Transfers a specified bit in a general register or memory operand to the
carry flag.

BILD B = (<bit-No.> of <EAd>) —» C
Transfers the inverse of a specified bit in a general register or memory
operand to the carry flag.
The bit number is specified by 3-bit immediate data.

BST B C — (<bit-No.> of <EAd>)
Transfers the carry flag value to a specified bit in a general register or
memory operand.

BIST B = C — (<bit-No.> of <EAd>)
Transfers the inverse of the carry flag value to a specified bit in a
general register or memory operand.
The bit number is specified by 3-bit immediate data.

Note: * Refers to the operand size.

B: Byte
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Table2.7

Instruction Size

Branch Instructions

Function

Bcce* — Branches to a specified address if a specified condition is true. The
branching conditions are listed below.
Mnemonic Description Condition
BRA(BT) Always (true) Always
BRN(BF) Never (false) Never
BHI High CvZ=0
BLS Low or same Cvz=1
BCC(BHS) Carry clear C=0
(high or same)
BCS(BLO) Carry set (low) C=1
BNE Not equal Z=0
BEQ Equal Z=1
BVC Overflow clear V=0
BVS Overflow set V=1
BPL Plus N=0
BMI Minus N=1
BGE Greater or equal NeV=0
BLT Less than NeV=1
BGT Greater than ZviN® V) =0
BLE Less or equal ZviN@® V) =1
JMP — Branches unconditionally to a specified address.
BSR — Branches to a subroutine at a specified address.
JSR — Branches to a subroutine at a specified address.
RTS — Returns from a subroutine
Note: * Bcc is the general name for conditional branch instructions.

RENESAS

Rev. 2.00 Sep. 23,2005 Page 25 of 444
REJ09B0068-0200



Section2 CPU

Table2.8

System Control Instructions

Instruction Size*

Function

TRAPA — Starts trap-instruction exception handling.

RTE — Returns from an exception-handling routine.

SLEEP — Causes a transition to a power-down state.

LDC B/W (EAs) —» CCR
Moves the source operand contents to the CCR. The CCR size is one
byte, but in transfer from memory, data is read by word access.

STC B/W CCR — (EAd)
Transfers the CCR contents to a destination location. The condition
code register size is one byte, but in transfer to memory, data is written
by word access.

ANDC B CCR A #IMM — CCR
Logically ANDs the CCR with immediate data.

ORC B CCR v #IMM — CCR
Logically ORs the CCR with immediate data.

XORC B CCR ® #IMM — CCR
Logically XORs the CCR with immediate data.

NOP — PC+2 - PC
Only increments the program counter.

Note: * Refers to the operand size.

B: Byte
W: Word
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Table2.9 Block Data Transfer Instructions

Instruction Size Function

EEPMOV.B — if R4L = 0 then
Repeat @ER5+ — @ERG6+,
R4L-1 — R4L
UntiiR4L =0
else next;

EEPMOV.W — if R4 # 0 then
Repeat @ ER5+ — @ERG+,
R4-1 — R4
UntiiR4 =0
else next;

Transfers a data block. Starting from the address set in ERS5, transfers
data for the number of bytes set in R4L or R4 to the address location set
in ERG.

Execution of the next instruction begins as soon as the transfer is
completed.

24.2 Basic Instruction Formats

H8/300H CPU instructions consist of 2-byte (1-word) units. An instruction consists of an
operation field (op), aregister field (r), an effective address extension (EA), and a condition field
(co).

Figure 2.7 shows examples of instruction formats.
(1) Operation Field

Indicates the function of the instruction, the addressing mode, and the operation to be carried out
on the operand. The operation field always includes the first four hits of the instruction. Some
instructions have two operation fields.

(2) Register Field

Specifies ageneral register. Address registers are specified by 3 bits, and data registers by 3 bits or
4 bits. Some instructions have two register fields. Some have no register field.
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(3) Effective Address Extension

8, 16, or 32 hits specifying immediate data, an absolute address, or a displacement. A24-bit
address or displacement istreated as a 32-bit datain which the first 8 bits are 0 (H'00).

(4) Condition Field

Specifies the branching condition of Bcc instructions.

(1) Operation field only

op

NOP, RTS, etc.

(2) Operation field and register fields

op

ADD.B Rn, Rm, etc.

(3) Operation field, register fields, and effective address extension

op

rn rm

EA(disp)

MOV.B @(d:16, Rn), Rm

(4) Operation field, effective address extension, and condition fiel

d

op

cc

EA(disp)

BRA d:8

Figure2.7 Instruction Formats
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2.5 Addressing M odes and Effective Address Calculation

The following describes the H8/300H CPU. In this LSI, the upper eight bits are ignored in the
generated 24-bit address, so the effective addressis 16 hits.

251 Addressing M odes

The H8/300H CPU supports the eight addressing modes listed in table 2.10. Each instruction uses
a subset of these addressing modes. Addressing modes that can be used differ depending on the
instruction. For details, refer to Appendix A.4, Combinations of Instructions and Addressing
Modes.

Arithmetic and logic instructions can use the register direct and immediate modes. Data transfer
instructions can use all addressing modes except program-counter relative and memory indirect.
Bit-manipulation instructions use register direct, register indirect, or the absolute addressing mode
(@aa:8) to specify an operand, and register direct (BSET, BCLR, BNOT, and BTST instructions)
or immediate (3-bit) addressing mode to specify a bit number in the operand.

Table2.10 Addressing Modes

No. Addressing Mode Symbol
1 Register direct Rn
2 Register indirect @ERN
3 Register indirect with displacement @(d:16,ERn)/@(d:24,ERn)
4 Register indirect with post-increment @ERN+
Register indirect with pre-decrement @-ERn
5 Absolute address @aa:8/@aa:16/@aa:24
6 Immediate #xx:8/#xx:16/#xx:32
7 Program-counter relative @(d:8,PC)/@(d:16,PC)
8 Memory indirect @ @aa:8
(1) Register Direct—Rn

Theregister field of the instruction specifies an 8-, 16-, or 32-bit general register containing the
operand. ROH to R7H and ROL to R7L can be specified as 8-bit registers. RO to R7 and EQ to E7
can be specified as 16-bit registers. ERO to ER7 can be specified as 32-bit registers.

RENESAS
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(2) Register Indirect—@Ern

Theregister field of the instruction code specifies an address register (ERn), the lower 24 bits of
which contain the address of the operand on memory.

(3) Register Indirect with Displacement—@(d: 16, ERn) or @(d: 24, ERn)

A 16-bit or 24-bit displacement contained in the instruction is added to an address register (ERn)
specified by the register field of the instruction, and the lower 24 bits of the sum the address of a
memory operand. A 16-bit displacement is sign-extended when added.

(4) Register Indirect with Post-Increment or Pre-Decrement—@ERN+ or @-ERn

o Register indirect with post-increment—@ERN+
Theregister field of the instruction code specifies an address register (ERn) the lower 24 bits
of which contains the address of a memory operand. After the operand is accessed, 1, 2, or 4 is
added to the address register contents (32 bits) and the sum is stored in the address register.
The value added is 1 for byte access, 2 for word access, or 4 for longword access. For the word
or longword access, the register value should be even.

o Register indirect with pre-decrement—@-ERn
Thevaluel, 2, or 4 is subtracted from an address register (ERn) specified by the register field
in the instruction code, and the lower 24 bits of the result is the address of a memory operand.
Theresult is also stored in the address register. The value subtracted is 1 for byte access, 2 for
word access, or 4 for longword access. For the word or longword access, the register value
should be even.

(5) Absolute Address—@aa: 8, @aa: 16, @aa: 24

The instruction code contains the absolute address of a memory operand. The absolute address
may be 8 bits long (@aa:8), 16 bits long (@aa:16), 24 bits long (@aa:24)

For an 8-bit absolute address, the upper 16 bits are all assumed to be 1 (H'FFFF). For a 16-hit
absolute address the upper 8 bits are asign extension. A 24-bit absolute address can access the
entire address space.

The access ranges of absolute addresses for the group of this LS| are those shown in table 2.11,
because the upper 8 bits are ignored.
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Table2.11 Absolute Address Access Ranges

Absolute Address Access Range

8 bits (@aa:8) H'FFO0O0 to H'FFFF
16 bits (@aa:16) H'0000 to H'FFFF
24 bits (@aa:24) H'0000 to H'FFFF

(6) Immediate—#xx:8, #xx:16, or #xx:32

The instruction contains 8-bit (#xx:8), 16-bit (#xx:16), or 32-hit (#xx:32) immediate data as an
operand.

The ADDS, SUBS, INC, and DEC instructions contain immediate data implicitly. Some it

mani pulation instructions contain 3-bit immediate data in the instruction code, specifying a bit
number. The TRAPA instruction contains 2-bit immediate data in its instruction code, specifying a
vector address.

(7) Program-Counter Relative—@(d:8, PC) or @(d:16, PC)

Thismodeis used in the BSR instruction. An 8-bit or 16-bit displacement contained in the
instruction is sign-extended and added to the 24-bit PC contents to generate a branch address. The
PC value to which the displacement is added is the address of thefirst byte of the next instruction,
so the possible branching range is—126 to +128 bytes (—63 to +64 words) or —32766 to +32768
bytes (—16383 to +16384 words) from the branch instruction. The resulting value should be an
even number.

(8) Memory Indirect—@@aa: 8

This mode can be used by the IMP and JSR instructions. The instruction code contains an 8-bit
absolute address specifying a memory operand. This memory operand contains a branch address.
The memory operand is accessed by longword access. The first byte of the memory operand is
ignored, generating a 24-bit branch address. Figure 2.8 shows how to specify branch address for in
memory indirect mode. The upper bits of the absolute address are al assumed to be 0, so the
address range is 0 to 255 (H'0000 to H'00FF).

Note that the first part of the address range is also the exception vector area.
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Specified —»-|
by @aa:8

\_/—\

Dummy

Branch address

252

Table 2.12 indicates how effective addresses are calculated in each addressing mode. In thisLSI
the upper 8 bits of the effective address are ignored in order to generate a 16-bit effective address.

Figure2.8 Branch Address Specification in Memory Indirect Mode

Effective Address Calculation

Table2.12 Effective Address Calculation (1)

[ oo [ ] |

The value to be added or subtracted is 1 when the
operand is byte size, 2 for word size, and 4 for
longword size.

No Addressing Mode and Instruction Format Effective Address Calculation Effective Address (EA)
1 Register direct(Rn)
[¢] d i | regist tents.
“ perand is general register contents
2 Register indirect(@ERn) 31 0 23
General register contents |——>|
Lo [r] ]
3 | Register indirect with displacement
@(d:16,ERN) or @(d:24,ERn) 31 0
| General register contents
I 23
(= [T 1 o ] o
31 0
| Sign extension | disp
4 Register indirect with post-increment or
pre-decrement 31 0 23
*Register indirect with post-increment @ ERn+ [ -
| General register contents |T—>|
. s
[ [ ]|
*Register indirect with pre-decrement @-ERn 31 0
I General register contents |—¢ 23
[}
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Table2.12 Effective Address Calculation (2)

No Addressing Mode and Instruction Format Effective Address Calculation Effective Address (EA)
5 Absolute address
@aa:8 23 87 0
(o T ]
@aar16 23 16 15 0
| op | abs | | Sign extensionl |
@aa:24
op 23 0
abs | |
6 Immediate
OB/ 16/4xx:32 Operand is immediate data.
op IMM
7| Program-counter relative 23 0
@(d:8,PC) @(d:16,PC) | PC contents }—‘
op disp 23 )
[ ]
extension 23 0
8 Memory indirect @ @aa:8
(=T - i
[ oo [ s | | Ho00o [ s |
15 0 23 16 15 0
b—| |
[Legend]

r,rm,rn : Register field

op: Operation field
disp : Displacement
IMM : Immediate data
abs : Absolute address
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2.6 Basic Bus Cycle

CPU operation is synchronized by a system clock (¢). The period from arising edge of ¢ to the
next rising edge is called one state. A bus cycle consists of two states or three states. The cycle
differs depending on whether accessis to on-chip memory or to on-chip peripheral modules.

26.1 Accessto On-Chip Memory (RAM, ROM)

Access to on-chip memory takes place in two states. The data bus width is 16 bits, allowing access
in byte or word size. Figure 2.9 shows the on-chip memory access cycle.

Bus cycle

-t >

1
' i
+— T, state —»t<4— T, state —»

5

1
i
Internal address bus X Address X
i : i
i ' i
| |
Internal read signal i \ ! i
i : E
Internal data bus ! Read data D
(read access) )
1
! ; !
. - | |
Internal write signal ' | /
1
Internal data bus ! . ,)
(write access) j_( Write data J
1 1

Figure2.9 On-Chip Memory Access Cycle
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26.2

On-Chip Peripheral Modules

On-chip peripheral modules are accessed in two states or three states. The data bus width is 8 bits
or 16 bits depending on the register. For details on the data bus width and number of access states
of each register, refer to section 20.1, Register Addresses (Address Order). Registers with 16-hit
data bus width can be accessed by word size only. Registers with 8-bit data bus width can be
accessed by byte or word size. When aregister with 8-bit data bus width is accessed by word size,
abus cycle occurs twice. In two-state access, the operation timing is the same as that for on-chip

memory.

Figure 2.10 shows the operation timing in the case of three-state access to an on-chip peripheral

module.

~

Bus cycle

1
<+—— T, state —»<+— T, state

—_— .

T3 state —

Internal

>

|
|
h
address bus ')( Address
: | | |
" 1
Internal * ! : i
read signal ! ' : !
: i : |
Internal 4 ,
data bus ; Read data !
(read access) ! : : ,>—
i i ! |
Internal 1 :\ E ;
write signal 1 ! ' / |
| 1
| | ’ |
Internal ! \ '
data bus ! :j
1

Write data
1

(write access)

Figure2.10 On-Chip Peripheral Module Access Cycle (3-State Access)
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2.7 CPU States

There are four CPU states: the reset state, program execution state, program halt state, and
exception-handling state. The program execution state includes active mode. For the program halt
state, there are a dleep mode, standby mode, and sub-sleep mode. These states are shown in figure
2.11. Figure 2.12 shows the state transitions. For details on program execution state and program
halt state, refer to section 6, Power-Down Modes. For details on exception processing, refer to
section 3, Exception Handling.

CPU state Reset state

The CPU is initialized

Program Active
execution state (high speed) mode

The CPU executes successive program
instructions at high speed,
synchronized by the system clock

— Program halt state Sleep mode - mmemeemeeen

modes

A state in which some o
or all of the chip .
functions are stopped
to conserve power

Standby mode - - -

Subsleep mode - ---

Exception-
handling state

A transient state in which the CPU changes
the processing flow due to a reset or an interrupt

Figure2.11 CPU Operating States

Reset cleared _
Reset state ) " (Exception-handling state
Reset occurs

Reset Interrupt
Reset oceurs source Interrupt Exception-
occurs source handling
complete

SLEEP instruction executed

Program halt state Program execution state

Figure2.12 State Transitions
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2.8 Usage Notes

281 Notes on Data Accessto Empty Areas

The address space of this LS| includes empty areas in addition to the ROM, RAM, and on-chip
I/O registers areas available to the user. When datais transferred from CPU to empty areas, the
transferred datawill be lost. This action may also cause the CPU to mafunction. When datais
transferred from an empty areato CPU, the contents of the data cannot be guaranteed.

2.8.2 EEPMOV Instruction

EEPMOV isablock-transfer instruction and transfers the byte size of dataindicated by R4L,
which starts from the address indicated by R5, to the address indicated by R6. Set R4L and R6 so
that the end address of the destination address (value of R6 + R4L) does not exceed H'FFFF (the
value of R6 must not change from H'FFFF to H'0000 during execution).

283 Bit-Manipulation Instruction

The BSET, BCLR, BNOT, BST, and BIST instructions read data from the specified address in
byte units, manipulate the data of the target bit, and write data to the same address again in byte
units. Special careis reguired when using these instructions in cases where two registers are
assigned to the same address, or when a bit is directly manipulated for aport or aregister
containing awrite-only bit, because this may rewrite data of a bit other than the bit to be

mani pul ated.

(1) Bit Manipulation for Two Registers Assigned to Same Address

Example 1. Bit manipulation for the timer load register and timer counter (Applicable for
timer B1in the H8/36064 Group.)

Figure 2.13 shows an example of a timer in which two timer registers are assigned to the same
address. When a hit-manipulation instruction accesses the timer load register and timer counter of
areloadable timer, since these two registers share the same address, the following operations takes
place.

1. Dataisread in byte units.
2. The CPU sets or resets the bit to be manipulated with the bit-manipulation instruction.
3. Thewritten data iswritten again in byte units to the timer load register.
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Thetimer is counting, so the value read is not necessarily the same as the value in the timer load
register. As aresult, bits other than the intended bit in the timer counter may be modified and the
modified value may be written to the timer load register.

Read

Count clock — Timer counter

A
Reload

Write

Timer load register

Internal data bus

Figure2.13 Exampleof Timer Configuration with Two Registers Allocated to
Same Address

Example 2: The BSET instruction is executed for port 5

P57 and P56 are input pins, with alow-level signal input at P57 and a high-level signal input at
P56. P55 to P50 are output pins and output low-level signals. An example to output a high-level
signal at P50 with aBSET instruction is shown below.

e Prior to executing BSET instruction

P57 P56 P55 P54 P53 P52 P51 P50
Input/output Input Input Output  Output  Output Output Output  Output
Pin state Low High Low Low Low Low Low Low

level level level level level level level level
PCR5 0 0 1 1 1 1 1 1
PDR5 1 0 0 0 0 0 0 0

e BSET instruction executed instruction
BSET  #0, @PDR5 The BSET instruction is executed for port 5.
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e After executing BSET instruction

P57 P56 P55 P54 P53 P52 P51 P50
Input/output Input Input Output  Output  Output Output Output  Output
Pin state Low High Low Low Low Low Low High

level level level level level level level level
PCR5 0 0 1 1 1 1 1 1
PDR5 0 1 0 0 0 0 0 1

e Description on operation
1. When the BSET instruction is executed, first the CPU reads port 5.

Since P57 and P56 are input pins, the CPU reads the pin states (low-level and high-level

input).

P55 to P50 are output pins, so the CPU reads the value in PDRS. In this example PDR5 has a

value of H'80, but the value read by the CPU is H'40.

2. Next, the CPU sets hit 0 of the read datato 1, changing the PDR5 data to H'41.
3. Finally, the CPU writes H'41 to PDR5, completing execution of BSET instruction.

Asaresult of the BSET instruction, bit 0 in PDR5 becomes 1, and P50 outputs a high-level signal.
However, bits 7 and 6 of PDR5 end up with different values. To prevent this problem, store a copy
of the PDR5 datain awork areain memory. Perform the bit manipulation on the datain the work

area, then write this data to PDR5.

e Prior to executing BSET instruction

MOV.B  #80, ROL The PDR5 value (H'80) is written to awork areain
ﬁgg:i Egi: giﬁgg memory (RAMO) aswell asto PDR5.
P57 P56 P55 P54 P53 P52 P51 P50
Input/output Input Input Qutput  Output  Output  Output Output  Output
Pin state Low High Low Low Low Low Low Low
level level level level level level level level
PCR5 0 0 1 1 1 1 1 1
PDR5 1 0 0 0 0 0 0 0
RAMO 1 0 0 0 0 0 0 0
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e BSET instruction executed

BSET #0, @RAMO The BSET instruction is executed designating the PDR5
work area (RAMO).

e After executing BSET instruction

MOV.B  @RAMO, ROL The work area (RAMO) value is written to PDR5.
MOV.B  ROL, @PDR5

P57 P56 P55 P54 P53 P52 P51 P50
Input/output Input Input Output  Output  Output  Output Output  Output
Pin state Low High Low Low Low Low Low High

level level level level level level level level
PCR5 0 0 1 1 1 1 1 1
PDR5 1 0 0 0 0 0 0 1
RAMO 1 0 0 0 0 0 0 1

(2) Bit Manipulation in Register Containing Write-Only Bit
Example 3: BCLR instruction executed designating port 5 control register PCR5

P57 and P56 are input pins, with alow-level signal input at P57 and a high-level signal input at
P56. P55 to P50 are output pins that output low-level signals. An example of setting the P50 pin as
an input pin by the BCLR instruction is shown below. It is assumed that a high-level signal will be
input to thisinput pin.

e Prior to executing BCLR instruction

P57 P56 P55 P54 P53 P52 P51 P50
Input/output Input Input Output  Output  Output Output Output  Output
Pin state Low High Low Low Low Low Low Low

level level level level level level level level
PCR5 0 0 1 1 1 1 1 1
PDR5 1 0 0 0 0 0 0 0

e BCLR instruction executed
BCLR #0, @PCR5 The BCLR instruction is executed for PCR5.
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After executing BCLR instruction

P57 P56 P55 P54 P53 P52 P51 P50
Input/output Output  Output Output Output Output Output Output Input
Pin state Low High Low Low Low Low Low High

level level level level level level level level
PCR5 1 1 1 1 1 1 1 0
PDR5 1 0 0 0 0 0 0 0

2.
3.

Description on operation

When the BCLR instruction is executed, first the CPU reads PCR5. Since PCR5 is awrite-only
register, the CPU reads a value of H'FF, even though the PCR5 value is actually H'3F.

Next, the CPU clears hit 0 in the read data to 0, changing the data to H'FE.
Finally, H'FE is written to PCR5 and BCLR instruction execution ends.

Asaresult of this operation, bit 0 in PCR5 becomes 0, making P50 an input port. However, bits 7
and 6 in PCR5 change to 1, so that P57 and P56 change from input pinsto output pins. To prevent
this problem, store a copy of the PDR5 datain awork areain memory and manipulate data of the
bit in the work area, then write this data to PDR5.

Prior to executing BCLR instruction

MOV.B  #3F, ROL The PCR5 value (H'3F) is written to awork areain
ﬁgg:ﬁ ?8;: giﬁgg memory (RAMO) aswell asto PCR5.
P57 P56 P55 P54 P53 P52 P51 P50
Input/output Input Input Output  Output  Output Output Output  Output
Pin state Low High Low Low Low Low Low Low
level level level level level level level level
PCR5 0 0 1 1 1 1 1 1
PDR5 1 0 0 0 0 0 0 0
RAMO 0 0 1 1 1 1 1 1

BCLR instruction executed

BCLR #0, @RAMO

The BCLR instructions executed for the PCR5 work area
(RAMO).
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e After executing BCLR instruction

MOV.B  @RAMO, ROL The work area (RAMO) value is written to PCRS5.
MOV.B  ROL, @PCR5

P57 P56 P55 P54 P53 P52 P51 P50
Input/output Input Input Output  Output  Output  Output Output  Output
Pin state Low High Low Low Low Low Low High

level level level level level level level level
PCR5 0 0 1 1 1 1 1 0
PDR5 1 0 0 0 0 0 0 0
RAMO 0 0 1 1 1 1 1 0

Rev. 2.00 Sep. 23, 2005 Page 42 of 444
REJ09B0068-0200 RENESAS



Section 3 Exception Handling

Section 3 Exception Handling

Exception handling may be caused by areset, atrap instruction (TRAPA), or interrupts.

Reset

A reset has the highest exception priority. Exception handling starts as soon asthe reset is
cleared by the RES pin. The chip is also reset when the watchdog timer overflows, and
exception handling starts. Exception handling is the same as exception handling by the RES
pin.

Trap Instruction

Exception handling starts when a trap instruction (TRAPA) is executed. The TRAPA
instruction generates a vector address corresponding to avector number from0to 3, as
specified in the instruction code. Exception handling can be executed at all timesin the
program execution state, regardless of the setting of the | bit in CCR.

Interrupts

External interrupts other than NMI and internal interrupts other than address break are masked
by the | hit in CCR, and kept masked while the | bit is set to 1. Exception handling starts when
the current instruction or exception handling ends, if an interrupt request has been issued.
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31 Exception Sources and Vector Address

Table 3.1 shows the vector addresses and priority of each exception handling. When more than
one interrupt is requested, handling is performed from the interrupt with the highest priority.

Table3.1 Exception Sourcesand Vector Address
Vector

Relative Module Exception Sources Number  Vector Address Priority
RES pin Reset 0 H'0000, H'0001 High
Watchdog timer A
— Reserved for system use 1t06 H'0002 to H'000D
External interrupt pin  NMI 7 H'000E, H'000F
CPU Trap instruction (#0) 8 H'0010, H'0011

Trap instruction (#1) 9 H'0012, H'0013

Trap instruction (#2) 10 H'0014, H'0015

Trap instruction (#3) 11 H'0016, H'0017
Address break Break conditions satisfied 12 H'0018, H'0019
CPU Direct transition by executing 13 H'001A, H'001B

the SLEEP instruction
External interrupt pin  IRQO 14 H'001C, H'001D

Low-voltage detection interrupt

IRQ1 15 H'001E, H'001F

IRQ2 16 H'0020, H'0021

IRQ3 17 H'0022, H'0023

WKP 18 H'0024, H'0025
— Reserved for system use 19 H'0026, H'0027

20 H'0028, H'0029

Timer V Timer V compare match A 22 H'002C, H'002D

Timer V compare match B

Timer V overflow
SCI3 SCI3 receive data full 23 H'002E, H'002F

SCI3 transmit data empty

SCI3 transmit end

SCI3 receive error Low
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Vector
Relative Module Exception Sources Number Vector Address Priority
lc2 Transmit data empty 24 H'0030, H'0031 High
Transmit end A
Receive data full
Arbitration lost/Overrun error
NACK detection
Stop condition detection
A/D converter A/D conversion end 25 H'0032, H'0033
Timer Z Compare match/input capture 26 H'0034, H'0035

A0 to DO
Timer Z overflow

Compare match/input capture 27
A1 to D1

Timer Z overflow

Timer Z underflow

H'0036, H'0037

Timer B1 Timer B1 overflow 29

H'003A, H'003B

SCI3_2 Receive data full 32

Transmit data empty
Transmit end
Receive error

H'0040, H'0041

Low

3.2 Register Descriptions

Interrupts are controlled by the following registers.

Interrupt edge select register 1 (IEGR1)
Interrupt edge select register 2 (IEGR2)
Interrupt enable register 1 (IENR1)
Interrupt enable register 2 (IENR2)
Interrupt flag register 1 (IRR1)
Interrupt flag register 2 (IRR2)
Wakeup interrupt flag register (IWPR)

RENESAS
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321 Interrupt Edge Select Register 1 (IEGR1)

IEGR1 selects the direction of an edge that generates interrupt requests of the NMI and IRQ3 to
IRQO pins.

Initial
Bit Bit Name Value R/W Description
7 NMIEG O R/W NMI Edge Select
0: Falling edge of NMI pin input is detected
1: Rising edge of NMI pin input is detected
61to 4 — All 1 — Reserved
These bits are always read as 1.
3 IEG3 0 R/W IRQ3 Edge Select

0: Falling edge of IRQ3 pin input is detected
1: Rising edge of IRQ3 pin input is detected

2 IEG2 0 R/W IRQ2 Edge Select
0: Falling edge of IRQ2 pin input is detected
1: Rising edge of IRQ2 pin input is detected

1 IEG1 0 R/W IRQ1 Edge Select
0: Falling edge of IRQ1 pin input is detected
1: Rising edge of IRQ1 pin input is detected

0 IEGO 0 R/W IRQO Edge Select
0: Falling edge of IRQO pin input is detected
1: Rising edge of IRQO pin input is detected
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322 Interrupt Edge Select Register 2 (IEGR2)

IEGR2 selects the direction of an edge that generates interrupt requests of the ADTRG and WKP5

to WKPO pins.
Initial
Bit Bit Name Value R/W Description
7,6 — All 1 — Reserved
These bits are always read as 1.
5 WPEG5 O R/W WKP5 Edge Select
0: Falling edge of WKP5(ADTRG) pin input is detected
1: Rising edge of WKP5(ADTRG) pin input is detected
4 WPEG4 O R/W WKP4 Edge Select
0: Falling edge of WKP4 pin input is detected
1: Rising edge of WKP4 pin input is detected
3 WPEG3 0 R/W WKP3 Edge Select
0: Falling edge of WKP3 pin input is detected
1: Rising edge of WKP3 pin input is detected
2 WPEG2 0 R/W WKP2 Edge Select
0: Falling edge of WKP2 pin input is detected
1: Rising edge of WKP2 pin input is detected
1 WPEG1 O R/W WKP1Edge Select
0: Falling edge of WKP1 pin input is detected
1: Rising edge of WKP1 pin input is detected
0 WPEGO O R/W WKPO Edge Select

0: Falling edge of WKPO pin input is detected
1: Rising edge of WKPO pin input is detected
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323

Interrupt Enable Register 1 (IENR1)

IENR1 enables direct transition interrupts and external pin interrupts.

Bit

Bit Name Value

Initial

R/W

Description

7

IENDT

0

R/W

Direct Transfer Interrupt Enable

When this bit is set to 1, direct transition interrupt
requests are enabled.

Reserved
This bit is always read as 0.

IENWP

R/W

Wakeup Interrupt Enable

This bit is an enable bit, which is common to the WKP5
to WKPO pins. When the bit is set to 1, interrupt
requests are enabled.

Reserved
This bit is always read as 1.

IEN3

R/W

IRQ3 Interrupt Enable

When this bit is set to 1, interrupt requests of the IRQ3
pin are enabled.

IEN2

R/W

IRQ2 Interrupt Enable

When this bit is set to 1, interrupt requests of the IRQ2
pin are enabled.

IEN1

R/W

IRQ1 Interrupt Enable

When this bit is set to 1, interrupt requests of the IRQ1
pin are enabled.

IENO

R/W

IRQO Interrupt Enable

When this bit is set to 1, interrupt requests of the IRQ0
pin are enabled.

When disabling interrupts by clearing bitsin an interrupt enable register, or when clearing bitsin
an interrupt flag register, aways do so while interrupts are masked (I = 1). If the above clear
operations are performed while | =0, and as aresult a conflict arises between the clear instruction
and an interrupt request, exception handling for the interrupt will be executed after the clear

instruction has been executed.
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324 Interrupt Enable Register 2 (IENR2)

IENR2 enables, timer B1 overflow interrupts.

Initial
Bit Bit Name Value R/W Description
7,6 — AllO — Reserved
These bits are always read as 0.
5 IENTB1T O R/W Timer B1 Interrupt Enable
When this bit is set to 1, timer B1 overflow interrupt
requests are enabled.
4t00 — All 1 — Reserved

These bits are always read as 1.

When disabling interrupts by clearing bitsin an interrupt enable register, or when clearing bitsin
an interrupt flag register, aways do so while interrupts are masked (I = 1). If the above clear
operations are performed while | =0, and as aresult a conflict arises between the clear instruction
and an interrupt request, exception handling for the interrupt will be executed after the clear

instruction has been executed.

325 Interrupt Flag Register 1 (IRR1)

IRR1 is astatus flag register for direct transition interrupts and IRQ3 to IRQO interrupt requests.

Initial

Bit Bit Name Value R/W Description

7 IRRDT 0 R/W Direct Transfer Interrupt Request Flag
[Setting condition]
When a direct transfer is made by executing a SLEEP
instruction while DTON in SYSCR2 is set to 1.
[Clearing condition]
When IRRDT is cleared by writing O

6 — 0 — Reserved
This bit is always read as 0.

5,4 — All 1 — Reserved

These bits are always read as 1.

RENESAS
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Initial
Bit Bit Name Value R/W

Description

3 IRRI3 0 R/W

IRQ3 Interrupt Request Flag
[Setting condition]

When IRQ3 pin is designated for interrupt input and the
designated signal edge is detected.

[Clearing condition]
When IRRI3 is cleared by writing 0

2 IRRI2 0 R/W

IRQ2 Interrupt Request Flag
[Setting condition]

When IRQ2 pin is designated for interrupt input and the
designated signal edge is detected.

[Clearing condition]
When IRRI2 is cleared by writing 0

1 IRRI1 0 R/W

IRQ1 Interrupt Request Flag
[Setting condition]

When IRQ1 pin is designated for interrupt input and the
designated signal edge is detected.

[Clearing condition]
When IRRI1 is cleared by writing 0

0 IRRIO 0 R/W

IRQO Interrupt Request Flag
[Setting condition]

When IRQO pin is designated for interrupt input and the
designated signal edge is detected.

[Clearing condition]
When IRRIO is cleared by writing 0
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326

Interrupt Flag Register 2 (IRR2)

IRR2 is a status flag register for timer B1 overflow interrupts.

Initial
Bit Bit Name Value R/W Description
7,6 — AllO — Reserved
These bits are always read as 0.
5 IRRTB1 O R/W Timer B1 Interrupt Request flag
[Setting condition]
When the timer B1 counter value overflows
[Clearing condition]
When IRRTB1 is cleared by writing O
4100 — All 1 — Reserved
These bits are always read as 1.
327 Wakeup Interrupt Flag Register (IWPR)

IWPR is astatus flag register for WKP5 to WKPO interrupt requests.

Initial
Bit Bit Name Value R/W Description
7,6 — All 1 — Reserved
These bits are always read as 1.
5 IWPF5 0 R/W WKP5 Interrupt Request Flag
[Setting condition]
When WKP5 pin is designated for interrupt input and
the designated signal edge is detected.
[Clearing condition]
When IWPFS5 is cleared by writing O.
4 IWPF4 0 R/W WKP4 Interrupt Request Flag

[Setting condition]

When WKP4 pin is designated for interrupt input and
the designated signal edge is detected.

[Clearing condition]
When IWPF4 is cleared by writing O.

RENESAS
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Initial
Bit Bit Name Value

R/W

Description

3 IWPF3 0

R/W

WKP3 Interrupt Request Flag
[Setting condition]

When WKP3 pin is designated for interrupt input and
the designated signal edge is detected.

[Clearing condition]
When IWPF3 is cleared by writing 0.

2 IWPF2 0

R/W

WKP2 Interrupt Request Flag
[Setting condition]

When WKP2 pin is designated for interrupt input and
the designated signal edge is detected.

[Clearing condition]
When IWPF2 is cleared by writing 0.

1 IWPF1 0

RW

WKP1 Interrupt Request Flag
[Setting condition]

When WKP1 pin is designated for interrupt input and
the designated signal edge is detected.

[Clearing condition]
When IWPF1 is cleared by writing 0.

0 IWPFO 0

R/W

WKPO Interrupt Request Flag
[Setting condition]

When WKPO pin is designated for interrupt input and
the designated signal edge is detected.

[Clearing condition]
When IWPFO is cleared by writing 0.

Rev. 2.00 Sep. 23,2005 Page 52 of 444

REJ09B0068-0200

RENESAS



Section 3 Exception Handling

3.3 Reset Exception Handling

When the RES pin goes low, all processing halts and this LSI enters the reset. The internal state of
the CPU and the registers of the on-chip peripheral modules are initialized by the reset. The reset
exception handling sequence is shown in figure 3.1. For details, refer to section 18, Power-On
Reset and Low-V oltage Detection Circuits.

The reset exception handling sequenceis asfollows:

1. Setthel bit in the condition code register (CCR) to 1.

2. The CPU generates areset exception handling vector address (from H'0000 to H'0001), the
datain that address is sent to the program counter (PC) as the start address, and program
execution starts from that address.

34 Interrupt Exception Handling

34.1 External Interrupts
Asthe external interrupts, there are NMI, IRQ3 to IRQO, and WKP5 to WK PO interrupts.
(1) NMI Interrupt

NMI interrupt is requested by input signal edge to the NMI pin. Thisinterrupt is detected by either
rising edge sensing or falling edge sensing, depending on the setting of the NMIEG bit in IEGR1.

NMI isthe highest-priority interrupt, and can aways be accepted without depending on the | bit
valuein CCR.

(2) IRQ3toIRQO Interrupts

IRQ3 to IRQO interrupts are requested by input signalsto the IRQ3 to IRQO pins. These four
interrupts are given different vector addresses, and are detected individually by either rising edge
sensing or falling edge sensing, depending on the settings of the IEG3 to IEGO bits in IEGRL.

When the IRQ3 to IRQO pins are designated for interrupt input in PMR1 and the designated signal
edge isinput, the corresponding hit in IRR1 is set to 1, requesting the CPU of an interrupt. These
interrupts can be masked by setting the IEN3 to IENO bitsin IENRL.
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(3) WKP5to WKPO Interrupts

WKP5 to WK PO interrupts are requested by input signals to the WKP5 to WKPO pins. These six
interrupts have the same vector addresses, and are detected individually by either rising edge
sensing or falling edge sensing, depending on the settings of the WPEG5 to WPEGO bhitsin
IEGR2.

When the WKP5 to WKPO pins are designated for interrupt input in PMR5 and the designated
signal edge isinput, the corresponding bit in IWPR is set to 1, requesting the CPU of an interrupt.
These interrupts can be masked by setting the [IENWP bit in IENRL.

—— Reset cleared

Initial program
Vector fetch Internal instruction prefetch
j¢——p Processing j¢——p}

Internal
address bus ( : (1) X 2) X
(( ;
Internal read ) ! \ [ \ M\
signal !
Internal write (( :
signal ) :
Internal data ( 1 /(—2)\ e
bus (16 bits) ) j \ /

(1) Reset exception handling vector address (H'0000)
(2) Program start address
(3) Initial program instruction

Figure3.1 Reset Sequence
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34.2 Internal Interrupts

Each on-chip peripheral module has a flag to show the interrupt request status and the enable bit to
enable or disable the interrupt. For direct transfer interrupt requests generated by execution of a
SLEEP instruction, this functionisincluded in IRR1, IRR2, IENR1, and IENR2.

When an on-chip peripheral module requests an interrupt, the corresponding interrupt request
status flag is set to 1, requesting the CPU of an interrupt. These interrupts can be masked by
writing O to clear the corresponding enable bit.

34.3 Interrupt Handling Sequence
Interrupts are controlled by an interrupt controller.
Interrupt operation is described as follows.

1. If aninterrupt occurs while the NMI or interrupt enable bit is set to 1, an interrupt request
signal is sent to the interrupt controller.

2. When multiple interrupt requests are generated, the interrupt controller requests to the CPU for
the interrupt handling with the highest priority at that time according to table 3.1. Other
interrupt requests are held pending.

3. The CPU accepts the NMI and address break without depending on the | bit value. Other
interrupt requests are accepted, if the | bit is cleared to 0 in CCR; if the | bitisset to 1, the
interrupt request is held pending.

4. If the CPU accepts the interrupt after processing of the current instruction is completed,
interrupt exception handling will begin. First, both PC and CCR are pushed onto the stack. The
state of the stack at thistimeis shown in figure 3.2. The PC value pushed onto the stack isthe
address of the first instruction to be executed upon return from interrupt handling.

5. Then, thel bit of CCR is set to 1, masking further interrupts excluding the NMI and address
break. Upon return from interrupt handling, the values of | bit and other bitsin CCR will be
restored and returned to the values prior to the start of interrupt exception handling.

6. Next, the CPU generates the vector address corresponding to the accepted interrupt, and
transfers the address to PC as a start address of the interrupt handling-routine. Then a program
starts executing from the address indicated in PC.

Figure 3.3 shows atypical interrupt sequence where the program areaisin the on-chip ROM and
the stack areaisin the on-chip RAM.
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/\//—\/

SP_4 SP (R7) — CCR
SP-3 SP +1 CCR*3
SP-2 SP +2 PCH
SP -1 SP+3 PCL
SP (R7) — SP+4 Even address
Stack area
/_\_/ /_\_/

Prior to start of interrupt ———————— After completion of interrupt

exception handling PC and CCR exception handling
saved to stack

[Legend]

PCH: Upper 8 bits of program counter (PC)
PCL: Lower 8 bits of program counter (PC)
CCR: Condition code register

SP:  Stack pointer

Notes: 1. PC shows the address of the first instruction to be executed upon return from the interrupt
handling routine.
2. Register contents must always be saved and restored by word length, starting from
an even-numbered address.
3. Ignored when returning from the interrupt handling routine.

Figure3.2 Stack Statusafter Exception Handling

34.4 Interrupt Response Time

Table 3.2 shows the number of wait states after an interrupt request flag is set until the first
instruction of the interrupt handling-routine is executed.

Table3.2 Interrupt Wait States

Item States Total
Waiting time for completion of executing instruction* 11023 15 to 37
Saving of PC and CCR to stack 4

Vector fetch

2
Instruction fetch 4
Internal processing 4

Note: * Notincluding EEPMOV instruction.
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Figure3.3 Interrupt Sequence
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3.5 Usage Notes

351 Interrupts after Reset

If an interrupt is accepted after areset and before the stack pointer (SP) isinitialized, the PC and
CCR will not be saved correctly, leading to a program crash. To prevent this, al interrupt requests,
including NMI, are disabled immediately after areset. Since the first instruction of aprogramis
always executed immediately after the reset state ends, make sure that thisinstruction initializes
the stack pointer (example: MOV.W #xx: 16, SP).

35.2 Notes on Stack Area Use

When word data is accessed, the least significant bit of the addressis regarded as 0. Access to the
stack always takes place in word size, so the stack pointer (SP: R7) should never indicate an odd
address. Use PUSH Rn (MOV.W Rn, @-SP) or POP Rn (MOV.W @SP+, Rn) to save or restore
register values.

353 Noteson Rewriting Port Mode Registers

When a port mode register is rewritten to switch the functions of external interrupt pins, IRQ3 to
IRQO0 and WKP5 to WKPO, the interrupt request flag may be set to 1.

When switching a pin function, mask the interrupt before setting the bit in the port mode register.
After accessing the port mode register, execute at least one instruction (e.g., NOP), then clear the
interrupt request flag from 1 to 0.

Figure 3.4 shows a port mode register setting and interrupt request flag clearing procedure.

Interrupts masked. (Another possibility
I CCR I bit« 1 I 77777777 is to disable the relevant interrupt in
; interrupt enable register 1.)

I Set port mode register bit I

After setting the port mode register bit,
I 777777 first execute at least one instruction
(e.g., NOP), then clear the interrupt
request flag to 0.

I Execute NOP instruction

I Clear interrupt request flag to 0 I

I CCR I bit«<-0 I ******** Interrupt mask cleared

Figure3.4 Port Mode Register Setting and Interrupt Request Flag Clearing Procedure
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Section 4 Address Break

The address break simplifies on-board program debugging. It requests an address break interrupt
when the set break condition is satisfied. The interrupt request is not affected by the | bit in CCR.
Break conditions that can be set include instruction execution at a specific address and a
combination of access and data at a specific address. With the address break function, the
execution start point of a program containing a bug is detected and execution is branched to the
correcting program. Figure 4.1 shows a block diagram of the address break.

Internal address bus

!

BARH, BARL: Break address register
BDRH, BDRL: Break data register

ABRKCR: Address break control register
ABRKSR: Address break status register

—| Comparator |
| BARH : BARL R
\/ é
Interrupt < I ABRKCR |<—> %
generation o
control circuit | ¢—————————p-| ABRKSR g
| el
C
BDRH : BDRL [e—
| Comparator |
» Interrupt
[Legend]

Figure4.1 Block Diagram of Address Break
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4.1 Register Descriptions
The address break has the following registers.

e Addressbreak control register (ABRKCR)
e Address break status register (ABRKSR)

e Break addressregister (BARH, BARL)

e Bresk dataregister (BDRH, BDRL)

411 Address Break Control Register (ABRKCR)

ABRKCR sets address break conditions.

Initial
Bit Bit Name Value R/W Description
7 RTINTE 1 R/W RTE Interrupt Enable
When this bit is 0, the interrupt immediately after
executing RTE is masked and then one instruction must
be executed. When this bit is 1, the interrupt is not
masked.
6 CSEL1 0 R/W Condition Select 1 and 0
5 CSELO 0 R/W These bits set address break conditions.
00: Instruction execution cycle
01: CPU data read cycle
10: CPU data write cycle
11: CPU data read/write cycle
4 ACMP2 0 R/W Address Compare Condition Select 2 to 0
3 ACMP1 0 R/W These bits set the comparison condition between the
2 ACMPO 0 R/W address set in BAR and the internal address bus.

000: Compares 16-bit addresses

001: Compares upper 12-bit addresses
010: Compares upper 8-bit addresses
011: Compares upper 4-bit addresses
1XX: Reserved (setting prohibited)
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Initial
Bit Bit Name Value R/W Description
1 DCMP1 0 R/W Data Compare Condition Select 1 and 0
0 DCMPO O R/W These bits set the comparison condition between the

data set in BDR and the internal data bus.
00: No data comparison

01: Compares lower 8-bit data between BDRL and data
bus

10: Compares upper 8-bit data between BDRH and
data bus

11: Compares 16-bit data between BDR and data bus

[Legend]
X: Don't care.

When an address break is set in the data read cycle or data write cycle, the data bus used will
depend on the combination of the byte/word access and address. Table 4.1 shows the access and
data bus used. When an I/O register space with an 8-bit data bus width is accessed in word size, a
byte accessis generated twice. For details on data widths of each register, see section 20.1,
Register Addresses (Address Order).

Table4.1 Accessand Data Bus Used

Word Access Byte Access

Even Address Odd Address Even Address 0Odd Address

ROM space

Upper 8 bits Lower 8 bits Upper 8 bits Upper 8 bits

RAM space

Upper 8 bits Lower 8 bits Upper 8 bits Upper 8 bits

I/O register with 8-bit data
bus width

Upper 8 bits Upper 8 bits Upper 8 bits Upper 8 bits

I/O register with 16-bit data
bus width

Upper 8 bits Lower 8 bits — —
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412 Address Break Status Register (ABRKSR)

ABRKSR consists of the address break interrupt flag and the address break interrupt enable bit.

Initial
Bit Bit Name Value R/W Description
7 ABIF 0 R/W Address Break Interrupt Flag
[Setting condition]
When the condition set in ABRKCR is satisfied
[Clearing condition]
When 0 is written after ABIF = 1 is read
6 ABIE 0 R/W Address Break Interrupt Enable
When this bit is 1, an address break interrupt request is
enabled.
5to0 — All 1 — Reserved

These bits are always read as 1.

413 Break Address Registers (BARH, BARL)

BARH and BARL are 16-bit readable/writable registers that set the address for generating an
address break interrupt. When setting the address break condition to the instruction execution
cycle, set the first byte address of the instruction. Theinitia value of thisregister is H'FFFF.
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414  Break DataRegisters (BDRH, BDRL)

BDRH and BDRL are 16-bit readable/writable registers that set the data for generating an address
break interrupt. BDRH is compared with the upper 8-bit data bus. BDRL is compared with the
lower 8-bit data bus. When memory or registers are accessed by byte, the upper 8-bit databusis
used for even and odd addresses in the data transmission. Therefore, comparison data must be set
in BDRH for byte access. For word access, the data bus used depends on the address. See section
4.1.1, Address Break Control Register (ABRKCR), for details. Theinitia value of thisregister is
undefined.

4.2 Operation

When the ABIF and ABIE bitsin ABRKSR are set to 1, the address break function generates an
interrupt request to the CPU. The ABIF bit in ABRKSR is set to 1 by the combination of the
address set in BAR, the data set in BDR, and the conditions set in ABRKCR. When the interrupt
request is accepted, interrupt exception handling starts after the instruction being executed ends.
The address break interrupt is not masked by the | bit in CCR of the CPU.

Figures 4.2 show the operation examples of the address break interrupt setting.

When the address break is specified in instruction execution cycle

Register setting Program
* ABRKCR =H'80 0258 NOP
* BAR = H'025A * 025A NOP
025C  MOV.W @H'025A,R0 Underline indicates the address
0260 NOP
to be stacked.

0262 NOP

NOP NOP MOV MOV
instruc-  instruc-  instruc-  instruc-
tion tion tion 1 tion2 Internal
prefetch prefetch prefetch prefetch processing Stack save

]
¢ JuuyuyuyuyuyyyryyL
bocress Y0258 Y o25A Y 025C Y 025E X sp-2 Y\ sp-4

Interrupt |
request

Interrupt acceptance

Figure4.2 AddressBreak Interrupt Operation Example (1)
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When the address break is specified in the data read cycle

Register setting Program
* ABRKCR = H'A0 0258 NOP
* BAR = H'025A 025A NOP
*025C MOV.W @H'025A,R0
0260 NOP Underline indicates the address

0262 NOP to be stacked.

MOV MOV NOP MOV NOP Next
instruc-  instruc- instruc-  instruc- instruc-  instru-
tion 1 tion 2 tion tion tion ction Internal  Stack
prefetch prefetch prefetch execution prefetch prefetch processing save

! _I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_L;_LI_I_

boeres TYoa5C Y oase Y o260 ) o025 X o2z Y o264 X sp-2

!
Interrupt [ :
request :

Interrupt acceptance

Figure4.2 AddressBreak Interrupt Operation Example (2)
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Section 5 Clock Pulse Generators

A clock oscillator circuitry (CPG: clock pulse generator) is provided on-chip, including a system
clock pulse generator. The system clock pulse generator consists of a system clock oscillator, a
duty correction circuit, and a system clock divider.

Figure 5.1 shows a block diagram of the clock pulse generators.

Posc ol !
0sC, —»f System 0 Duty N System %’ Lo
i clock  |-10SC of correction |29SC pt clock [0osc/16 | T
0SC, <——| osdillator | (fosc) circuit (fosc) | divider |[90sc32 || |
: dosc/64 || Y
! oo Prescaler S ™49
i System clock pulse generator | (13 bits) | ! /8192

Figure5.1 Block Diagram of Clock Pulse Generators

The basic clock signals that drive the CPU and on-chip peripheral modules are system clocks (¢).
The system clock is divided into ¢/2 to $/8192 by prescaler S and they are supplied to respective
peripheral modules.

51 System Clock Generator

Clock pulses can be supplied to the system clock divider either by connecting a crystal or ceramic
resonator, or by providing external clock input. Figure 5.2 shows a block diagram of the system
clock generator.

osc. &) - Do

LPM
0OSC1

LPM: Low-power mode (standby mode, subsleep mode)

Figure5.2 Block Diagram of System Clock Generator
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Section 5 Clock Pulse Generators

511 Connecting Crystal Resonator

Figure 5.3 shows atypical method of connecting a crystal resonator. An AT-cut parallel-resonance
crystal resonator should be used. Figure 5.4 shows the equivalent circuit of acrystal resonator. A
resonator having the characteristics given in table 5.1 should be used.

I
|-
Co
OSC» L 'j,. Cy =Cp =12 pF £20%

Figure5.3 Typical Connection to Crystal Resonator

Ls c Rs

7000 AN\

0SC; <1 +—> 0SC,

Co
11

—o

Figure5.4 Equivalent Circuit of Crystal Resonator

Table5.1 Crystal Resonator Parameters

Frequency (MHz) 2 4 8 10 16 20
R, (max) 500 Q 120 Q 80 Q 60 Q 50 Q 40 Q
C, (max) 7 pF 7 pF 7 pF 7 pF 7 pF 7 pF
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512 Connecting Ceramic Resonator

Figure 5.5 shows atypical method of connecting a ceramic resonator.

Gy
]
| —
I
0S8C, };L Cy =30 pF +10%

Cy, = 30 pF +10%

Figure5.5 Typical Connection to Ceramic Resonator

513 External Clock Input Method

Connect an external clock signal to the OSC, pin and leave the OSC, pin open. Figure 5.6 shows a
typical connection. The duty cycle of the external clock signal must be 45 to 55%.

0SsCy — | | | | | | External clock input

0sC,

Open

Figure5.6 Example of External Clock Input
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Section 5 Clock Pulse Generators

5.2 Prescalers

521 Prescaler S

Prescaler Sisa 13-bit counter using the system clock (¢) asitsinput clock. It isincremented once
per clock period. Prescaler Sisinitialized to H'0000 by areset, and starts counting on exit from
the reset state. In standby mode and subsleep mode, the system clock pulse generator stops.
Prescaler S aso stops and isinitialized to H'0000. The CPU cannot read or write prescaler S.

The output from prescaler Sis shared by the on-chip peripheral modules. The divider ratio can be
set separately for each on-chip peripheral function. In active mode and sleep mode, the clock input
to prescaler Sisdetermined by the division factor designated by the MA2 to MAO bitsin
SYSCR2.

53 Usage Notes

531 Note on Resonators

Resonator characteristics are closely related to board design and should be carefully evaluated by
the user, referring to the examples shown in this section. Resonator circuit constants will differ
depending on the resonator element, stray capacitance in its interconnecting circuit, and other
factors. Suitable constants should be determined in consultation with the resonator element
manufacturer. Design the circuit so that the resonator element never receives voltages exceeding
its maximum rating.

532 Noteson Board Design

When using a crystal resonator (ceramic resonator), place the resonator and its load capacitors as
close as possible to the OSC, and OSC, pins. Other signal lines should be routed away from the
oscillator circuit to prevent induction from interfering with correct oscillation (see figure 5.7).

Avoid ——» Signal A Signal B

0SC; -IL— II—”L
0SC, %C%

Figure5.7 Exampleof Incorrect Board Design
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Section 6 Power-Down Modes

This LSI hasfive modes of operation after areset. These include a normal active mode and three
power-down modes, in which power consumption is significantly reduced. Module standby mode
reduces power consumption by selectively halting on-chip module functions.

e Active mode

The CPU and all on-chip peripheral modules are operable on the system clock. The system
clock frequency can be selected from ¢osc, ¢posc/8, posc/16, posc/32, and dposc/64.

e Sleep mode

The CPU halts. On-chip peripheral modules are operable on the system clock.
e Standby mode

The CPU and all on-chip peripheral modules halt.
e Subsleep mode

The CPU and all on-chip peripheral modules halt. 1/0 ports keep the same states as before the
transition.

e Module standby mode

Independent of the above modes, power consumption can be reduced by halting on-chip
peripheral modules that are not used in module units.

6.1 Register Descriptions
The registers related to power-down modes are listed below.

e System control register 1 (SYSCR1)
e System control register 2 (SY SCR2)
e Module standby control register 1 (MSTCRL1)
e Module standby control register 2 (MSTCR?2)
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Section 6 Power-Down Modes

6.1.1 System Control Register 1 (SYSCR1)
SY SCR1 controls the power-down modes, as well as SY SCR2.

Initial
Bit Bit Name Value R/W Description

7 SSBY 0 R/W Software Standby

This bit selects the transition mode after the execution
of the SLEEP instruction.

0: A transition is made to sleep mode
1: A transition is made to standby mode

For details, see table 6.2.

STS2 0 R/W Standby Timer Select 210 0

STSH 0 R/W These bits designate the time the CPU and peripheral

STSO 0 R/W modules wait for stable clock operation after exiting
from standby mode, to active mode or sleep mode due
to an interrupt. The designation should be made
according to the clock frequency so that the waiting
time is at least 6.5 ms. The relationship between the
specified value and the number of wait states is shown
in table 6.1. When an external clock is to be used, the
minimum value (STS2 = STS1 = STS0 =1) is
recommended.

3t00 — All O — Reserved
These bits are always read as 0.
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Table6.1 Operating Frequency and Waiting Time

Bit Name Operating Frequency

STS2 STS1 STSO Waiting Time 20 MHz 16 MHz 10 MHz 8 MHz 4 MHz 2 MHz 1MHz 0.5 MHz

0 0 0 8,192 states 0.4 0.5 0.8 1.0 2.0 4.1 8.1 16.4

1 16,384 states 0.8 1.0 1.6 2.0 41 8.2 16.4 32.8

1 0 32,768 states 1.6 2.0 3.3 41 8.2 16.4 32.8 65.5

1 65,536 states 3.3 4.1 6.6 8.2 16.4 32.8 65.5 131.1

1 0 0 131,072 states 6.6 8.2 13.1 16.4 32.8 65.5 131.1 2621

1 1,024 states  0.05 0.06 0.10 0.13 0.26 0.51 1.02 2.05

1 0 128 states 0.00 0.00 0.01 0.02 0.03 0.06 0.13 0.26

1 16 states 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.03

Note: Time unit is ms.
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6.1.2 System Control Register 2 (SYSCR?2)
SY SCR2 controls the power-down modes, as well as SY SCR1.

Initial
Bit Bit Name Value R/W Description

7 SMSEL O R/W Sleep Mode Selection

This bit selects the transition mode after the execution
of the SLEEP instruction, as well as the SSBY bit in
SYSCRA1.

For details, see table 6.2.

6 — 0 — Reserved
This bit is always read as 0.

5 DTON 0 R/W Direct Transfer On Flag

This bit selects the transition mode after the execution
of the SLEEP instruction, as well as the SSBY bit in
SYSCRA1.

For details, see table 6.2.

4 MA2 0 R/W Active Mode Clock Select2t0 0

MA1 0 R/W These bits select the operating clock frequency in active
2 MAO 0 R/W and sleep modes. The operating clock frequency
changes to the set frequency after the SLEEP
instruction is executed.

OXX: Opge
100: 0,./8
101: (o /16
110: ¢,,/32
111 ¢y /64

1,0 — AllO — Reserved
These bits are always read as 0.

[Legend]
X: Don't care.
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6.1.3 Module Standby Control Register 1 (MSTCR1)

MSTCRL allows the on-chip peripheral modules to enter a standby state in module units.

Initial
Bit Bit Name Value R/W Description
7 — 0 — Reserved
This bit is always read as 0.
6 MSTIIC 0 R/W [IC2 Module Standby
IIC2 enters standby mode when this bit is set to 1.
5 MSTS3 0 R/W SCI3 Module Standby
SCI3 enters standby mode when this bit is set to 1.
4 MSTAD O R/W A/D Converter Module Standby
A/D converter enters standby mode when this bit is set to
1.
3 MSTWD 0 R/W Watchdog Timer Module Standby
Watchdog timer enters standby mode when this bit is set
to 1. When the internal oscillator is selected for the
watchdog timer clock, the watchdog timer operates
regardless of the setting of this bit.
2 — 0 — Reserved
This bit is always read as 0.
1 MSTTV 0 R/W Timer V Module Standby
Timer V enters standby mode when this bit is set to 1.
0 — 0 — Reserved

This bit is always read as 0.
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6.1.4 Module Standby Control Register 2 (M STCR2)

MSTCR2 allows the on-chip peripheral modules to enter a standby state in module units.

Initial

Bit Bit Name Value R/W Description
7 MSTS3_2 0 R/W SCI3_2 Module Standby

SCI3_2 enters standby mode when this bit is set to 1.
6,5 — AllO — Reserved

These bits are always read as 0.
4 MSTTB1 O R/W Timer B1 Module Standby

Timer B1 enters standby mode when this bit is set to 1.
3,2 — All O — Reserved

These bits are always read as 0.
1 MSTTZ O R/W Timer Z Module Standby

Timer Z enters standby mode when this bit is set to 1.
0 MSTPWM 0 R/W PWM Module Standby

PWM enters standby mode when this bit is set to 1.

Rev. 2.00 Sep. 23,2005 Page 74 of 444
REJ09B0068-0200 RENESAS



Section 6 Power-Down Modes

6.2 Mode Transitions and Statesof LS|

Figure 6.1 shows the possible transitions among these operating modes. A transition is made from
the program execution state to the program halt state of the program by executing a SLEEP
instruction. Interrupts alow for returning from the program halt state to the program execution
state of the program. A direct transition from active mode to active mode changes the operating
frequency. RES input enables transitions from a mode to the reset state. Table 6.2 shows the
transition conditions of each mode after the SLEEP instruction is executed and a mode to return
by an interrupt. Table 6.3 shows the internal states of the LSl in each mode.

Reset state

Program halt state Program execution state

Direct transition  ___ fr,o,g,r?r,nﬁ?lt 7st7a7t(:37 -

. interrupt . |
' \ SLEEP !

| SLEEP : !

i ! instruction | instruction |

, Standby mode ! - Active mode Sleep mode !
' ' Interrupt ! Interrupt

i ! ' ~~_SLEEP [ NS

' i ' \instruction ' '

”””””””””” ? Tt \\‘f—\ i

Interrupt\'\ E

: Subsleep mode !

R

Notes: 1. To make a transition to another mode by an interrupt, make sure interrupt handling is after the interrupt
is accepted.
2. Details on the mode transition conditions are given in table 6.2.

Figure6.1 Mode Transition Diagram

Table6.2 Transition Mode after SLEEP Instruction Execution and Interrupt Handling

Transition Mode after SLEEP Transition Mode due to

DTON SSBY SMSEL Instruction Execution Interrupt

0 0 0 Sleep mode Active mode
0 1 Subsleep mode Active mode
1 X Standby mode Active mode

1 X 0* Active mode (direct transition)

[Legend]

X: Don't care.
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Note: * When a state transition is made while the SMSEL bit is 1, the timer V, SCI3, SCI3_2,
and A/D converter are reset, and all registers are set to their initial values. To use these
functions after entering active mode, reset the registers.

Table6.3 Internal Statein Each Operating Mode

Function Active Mode Sleep Mode Subsleep Mode  Standby Mode
System clock oscillator Functioning Functioning Halted Halted

CPU Instructions Functioning Halted Halted Halted
operations Registers Functioning Retained Retained Retained

RAM Functioning Retained Retained Retained

10 ports Functioning Retained Retained Register contents

are retained, but
output is the high-
impedance state.

External IRQ3 to IRQO  Functioning Functioning Functioning Functioning
interrupts WKP5 to Functioning Functioning Functioning Functioning
WKPO
Peripheral Timer V Functioning Functioning Reset Reset
functions Watchdog Functioning Functioning Retained Retained
timer (Functioning when

internal oscillator
is selected as
count clock)

SCI3, SCI3_2  Functioning Functioning Reset Reset
lIc2 Functioning Functioning Retained Retained
Timer B1 Functioning Functioning Retained Retained
Timer Z Functioning Functioning Retained Retained
A/D converter  Functioning Functioning Reset Reset

6.2.1 Sleep Mode

In sleep mode, CPU operation is halted but the on-chip peripheral modules function at the clock
frequency set by the MA2 to MAO hitsin SYSCR2. CPU register contents are retained. When an
interrupt is requested, sleep mode is cleared and interrupt exception handling starts. Sleep mode is
not cleared if the bit in the condition code register (CCR) is set to 1 or the requested interrupt is
disabled in the interrupt enable register. atransition is made to subactive mode when the bit is 1.

When the RES pin goes low, the CPU goes into the reset state and sleep modeis cleared.
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6.2.2 Standby Mode

In standby mode, the clock pulse generator stops, so the CPU and on-chip peripheral modules stop
functioning. However, as long as the rated voltage is supplied, the contents of CPU registers, on-
chip RAM, and some on-chip peripheral module registers are retained. On-chip RAM contents
will beretained as long as the voltage set by the RAM data retention voltage is provided. The /O
ports go to the high-impedance state.

Standby mode is cleared by an interrupt. When an interrupt is requested, the system clock pulse
generator starts. After the time set in the STS2 to STSO bitsin SY SCR1 has elapsed, and interrupt
exception handling starts. Standby mode is not cleared if the | bit in CCR is set to 1 or the
requested interrupt is disabled in the interrupt enable register.

When the RES pin goes low, the system clock pulse generator starts. Since system clock signals
are supplied to the entire chip as soon as the system clock pulse generator starts functioning, the
RES pin must be kept low until the pulse generator output stabilizes. After the pulse generator
output has stabilized, the CPU starts reset exception handling if the RES pin is driven high.

6.2.3 Subsleep Mode

In subsleep mode, the system clock oscillator is halted, and operation of the CPU and on-chip
peripheral modulesis halted. Aslong as arequired voltage is applied, the contents of CPU
registers, the on-chip RAM, and some registers of the on-chip peripheral modules are retained. 1/0
ports keep the same states as before the transition.

Subsleep modeis cleared by an interrupt. When an interrupt is requested, the system clock
oscillator starts to oscillate. Subsleep mode is cleared and an interrupt exception handling starts
when the time set in the STS2 to STSO bitsin SY SCR1 elapses. Subsleep mode is not cleared if
thel bitin CCR is 1 or the interrupt is disabled in the interrupt enable bit.
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6.3 Operating Frequency in Active Mode

Operation in active mode is clocked at the frequency designated by the MA2 to MAO bitsin
SY SCR2. The operating frequency changes to the set frequency after SLEEP instruction
execution.

6.4 Direct Transition

The CPU can execute programsin active mode. The operating frequency can be changed by
making atransition directly from active mode to active mode. A direct transition can be made by
executing a SLEEP instruction while the DTON bit in SY SCR2 is set to 1. The direct transition
also enables operating frequency modification in active mode. After the mode transition, direct
transition interrupt exception handling starts.

If the direct transition interrupt is disabled in interrupt enable register 1, atransition is made
instead to sleep mode. Note that if adirect transition is attempted while the | bitin CCRis set to 1,
sleep mode will be entered, and the resulting mode cannot be cleared by means of an interrupt.

6.5 Module Standby Function

The module standby function can be set to any peripheral module. In module standby mode, the
clock supply to modules stops to enter the power-down mode. Module standby mode enables each
on-chip peripheral module to enter the standby state by setting a bit that corresponds to each
modulein MSTCR1 and MSTCR2 to 1 and cancels the mode by clearing the bit to 0.
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Section 7 ROM

The features of the 32-kbyte (4 kbytes are used for E7 or E8 control program area) flash memory
built into the flash memory (F-ZTAT) version are summarized below.

e Programming/erase methods
— Theflash memory is programmed 128 bytes at atime. Erase is performed in single-block
units. The flash memory is configured as follows: 1 kbyte x 4 blocks and 28 kbytes x 1
block. To erase the entire flash memory, each block must be erased in turn.
e Reprogramming capability
— The flash memory can be reprogrammed up to 1,000 times.
e On-board programming
— On-board programming/erasing can be done in boot mode, in which the boot program built
into the chip is started to erase or program of the entire flash memory. In normal user
program mode, individual blocks can be erased or programmed.
e Programmer mode
— Flash memory can be programmed/erased in programmer mode using a PROM
programmer, as well as in on-board programming mode.
e Automatic bit rate adjustment
— For datatransfer in boot mode, this LSI's bit rate can be automatically adjusted to match
the transfer bit rate of the host.
e Programming/erasing protection
— Sets software protection against flash memory programming/erasing.
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7.1 Block Configuration

Figure 7.1 shows the block configuration of flash memory. The thick lines indicate erasing units,
the narrow lines indicate programming units, and the values are addresses. The flash memory is
divided into 1 kbyte x 4 blocks, and 28 kbytes x 1 block. Programming is performed in 128-byte
units starting from an address with lower eight bits H'00 or H'80.

H'0000 ; H'0001 ; H0002 ; =—Programming unit: 128 bytes — | H'007F
Erase unit H'0080 | H'0081 | H'0082 | HOOFF
1 kbyte ! : : :

H0380 : HO0381 : H0382 ! ! HO3FF

H'0400 : H'0401 | H'0402 : ~<— Programming unit: 128 bytes — : H'047F
Erase unit | H0480 ! H0481 ' H0482 ! ' HO4FF
1 kbyte 1 | | |

HO0780 | HO781 | HO782 | ! HO7FF

H'0800 : H'0801 ! H'0802 : ~— Programming unit: 128 bytes — : H'087F
Eraseunit | H0880 | H0881 | H0882 ! ! HOSFF
1 kbyte | : : :

H'OB8O @ HOB81 : HOBS2 ! ! HOBFF

H0C00 ' HOCO1 | HO0C02 | ——Programming unit: 128 bytes — | HOC7F
Erase unit | H0C80 | HO0C81 | HO0CS2 ! ! HOCFF
1 kbyte ! . . \

HOF80 : HOF81 : HOF82 ! | HOFFF

H1000 ' H1001 ' H1002 ! ——Programming unit: 128 bytes = ' H107F
Eraseunit | H1080 ' H1081 ' H'1082 ' ! H10FF
28 kbytes i i 1 :

H7F80 | H7F81 | H7F82 ! | H7FFF

Figure7.1 Flash Memory Block Configuration
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7.2 Register Descriptions
The flash memory has the following registers.

e Flash memory control register 1 (FLMCR1)
e Flash memory control register 2 (FLMCR2)
e Eraseblock register 1 (EBR1)

e Flash memory enable register (FENR)

721 Flash Memory Control Register 1 (FLMCR1)

FLMCRL1 is aregister that makes the flash memory change to program mode, program-verify
mode, erase mode, or erase-verify mode. For details on register setting, refer to section 7.4, Flash
Memory Programming/Erasing.

Initial
Bit Bit Name Value R/W Description
7 — 0 — Reserved

This bit is always read as 0.
6 SWE 0 R/W Software Write Enable

When this bit is set to 1, flash memory
programming/erasing is enabled. When this bit is
cleared to 0, other FLMCR1 register bits and all EBR1
bits cannot be set.

5 ESU 0 R/W Erase Setup

When this bit is set to 1, the flash memory changes to
the erase setup state. When it is cleared to 0, the erase
setup state is cancelled. Set this bit to 1 before setting
the E bitto 1 in FLMCR1.

4 PSU 0 R/W Program Setup

When this bit is set to 1, the flash memory changes to
the program setup state. When it is cleared to 0, the
program setup state is cancelled. Set this bit to 1 before
setting the P bit in FLMCR1.

3 EV 0 R/W Erase-Verify

When this bit is set to 1, the flash memory changes to
erase-verify mode. When it is cleared to 0, erase-verify
mode is cancelled.
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Initial

Bit Bit Name Value R/W Description

2 PV 0 R/W Program-Verify
When this bit is set to 1, the flash memory changes to
program-verify mode. When it is cleared to 0, program-
verify mode is cancelled.

1 E 0 R/wW Erase
When this bit is set to 1 while SWE =1 and ESU =1,
the flash memory changes to erase mode. When it is
cleared to 0, erase mode is cancelled.

0 P 0 R/W Program
When this bit is set to 1 while SWE =1 and PSU =1,
the flash memory changes to program mode. When it is
cleared to 0, program mode is cancelled.

722 Flash Memory Control Register 2 (FLMCR2)

FLMCR2 is aregister that displays the state of flash memory programming/erasing. FLMCR2 isa
read-only register, and should not be written to.

Initial

Bit Bit Name Value R/W Description

7 FLER 0 R Flash Memory Error
Indicates that an error has occurred during an operation
on flash memory (programming or erasing). When
FLER is set to 1, flash memory goes to the error-
protection state.
See section 7.5.3, Error Protection, for details.

6to0 — All O — Reserved

These bits are always read as 0.
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7.2.3 Erase Block Register 1 (EBR1)

EBR1 specifies the flash memory erase area block. EBR1 isinitialized to H'00 when the SWE hit
in FLMCR1is 0. Do not set more than one bit at atime, as thiswill cause all the bitsin EBR1 to

be automatically cleared to O.

Initial

Bit Bit Name Value R/W Description

7t05 — AllO — Reserved
These bits are always read as 0.

4 EB4 0 R/W When this bit is set to 1, 28 kbytes of H'1000 to H'7FFF
will be erased.

3 EB3 0 R/W When this bit is set to 1, 1 kbyte of H'0CO00 to H'OFFF
will be erased.

2 EB2 0 R/W When this bit is set to 1, 1 kbyte of H'0800 to H'OBFF
will be erased.

1 EB1 0 R/W When this bit is set to 1, 1 kbyte of H'0400 to H'O7FF
will be erased.

0 EBO 0 R/W When this bit is set to 1, 1 kbyte of H'0000 to H'O3FF

will be erased.

724 Flash Memory Enable Register (FENR)

Bit 7 (FLSHE) in FENR enables or disables the CPU accessto the flash memory control registers,
FLMCR1, FLMCR2, and EBRL1.

Initial
Bit Bit Name Value R/W Description
7 FLSHE O R/W Flash Memory Control Register Enable
Flash memory control registers can be accessed when
this bit is set to 1. Flash memory control registers
cannot be accessed when this bit is set to 0.
6to0 — AllO — Reserved

These bits are always read as 0.
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7.3 On-Board Programming Modes

There are two modes for programming/erasing of the flash memory; boot mode, which enables on-
board programming/erasing, and programmer mode, in which programming/erasing is performed
with a PROM programmer. On-board programming/erasing can also be performed in user
program mode. At reset-start in reset mode, this LS| changes to amode depending on the TEST
pin settings, NMI pin settings, and input level of each port, as shown in table 7.1. The input level
of each pin must be defined four states before the reset ends.

When changing to boot mode, the boot program built into this LSl isinitiated. The boot program
transfers the programming control program from the externally-connected host to on-chip RAM
viathe SCI3. After erasing the entire flash memory, the programming control program is
executed. This can be used for programming initial values in the on-board state or for aforcible
return when programming/erasing can no longer be done in user program maode. In user program
mode, individual blocks can be erased and programmed by branching to the user program/erase
control program prepared by the user.

Table7.1  Setting Programming M odes

TEST NMI P85 PBO PB1 PB2 LSl State after Reset End
0 1 X X X X User Mode

0 0 1 X X X Boot Mode

1 X X 0 0 0 Programmer Mode
[Legend]

X: Don't care.
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7.3.1 Boot Mode

Table 7.2 shows the boot mode operations between reset end and branching to the programming
control program.

1. When boot mode is used, the flash memory programming control program must be prepared in
the host beforehand. Prepare a programming control program in accordance with the
description in section 7.4, Flash Memory Programming/Erasing.

2. The SCI3 should be set to asynchronous mode, and the transfer format as follows:. 8-bit data, 1
stop bit, and no parity.

3. When the boot program is initiated, the chip measures the low-level period of asynchronous
SCI communication data (H'00) transmitted continuously from the host. The chip then
calculates the bit rate of transmission from the host, and adjusts the SCI3 bit rate to match that
of the host. The reset should end with the RXD pin high. The RXD and TXD pins should be
pulled up on the board if necessary. After the reset canceling is completed, it takes
approximately 100 states before the chip is ready to measure the low-level period.

4. After matching the bit rates, the chip transmits one H'00 byte to the host to indicate the
completion of hit rate adjustment. The host should confirm that this adjustment end indication
(H'00) has been received normally, and transmit one H'55 byte to the chip. If reception could
not be performed normally, initiate boot mode again by areset. Depending on the host's
transfer bit rate and system clock frequency of this LS, there will be a discrepancy between
the bit rates of the host and the chip. To operate the SCI properly, set the host's transfer bit rate
and system clock frequency of this LS| within the ranges listed in table 7.3.

5. Inboot mode, apart of the on-chip RAM areais used by the boot program. The area H'F780 to
H'FEEF is the area to which the programming control program is transferred from the host.
The boot program area cannot be used until the execution state in boot mode switchesto the
programming control program.

6. Before branching to the programming control program, the chip terminates transfer operations
by the SCI3 (by clearing the RE and TE bitsin SCR to 0), however the adjusted bit rate value
remains set in BRR. Therefore, the programming control program can still use it for transfer of
program data or verify datawith the host. The TXD pinishigh (PCR22 =1, P22 = 1). The
contents of the CPU general registers are undefined immediately after branching to the
programming control program. These registers must beinitialized at the beginning of the
programming control program, as the stack pointer (SP), in particular, is used implicitly in
subroutine calls, etc.

7. Boot mode can be cleared by areset. End the reset after driving the reset pin low, waiting at
least 20 states, and then setting the NMI pin. Boot mode is also cleared when aWDT overflow
occurs.

8. Do not change the TEST pin and NMI pin input levels in boot mode.
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Table7.2 Boot Mode Operation
£ Host Operation LS| Operation
Q . .
= Processing Contents Communication Contents Processing Contents
.é Branches to boot program at reset-start.
8
=
(0]
°
g Boot program initiation
IS}
o
8 |

Continuously transmits data H'00
at specified bit rate.

Transmits data H'55 when data H'00
is received error-free.

Bit rate adjustment

H00, H00 - - - H00

H'00

\f
* Measures low-level period of receive data
H'00.
* Calculates bit rate and sets BRR in SCI3.

H'55

* Transmits data H'00 to host as adjustment
end indication.

H'55 reception.

Boot program
v erase error

HFF

Checks flash memory data, erases all flash

H'AA

memory blocks in case of written data
existing, and transmits data H'AA to host.
(If erase could not be done, transmits data
H'FF to host and aborts operation.)

H'AA reception ¢

Flash memory erase

\

Transmits number of bytes (N) of

Upper bytes, lower bytes

'

Echoback

> Echobacks the 2-byte data
received to host.

programming control program to be
transferred as 2-byte data
(low-order byte following high-order
byte)

Transmits 1-byte of programming
control program (repeated for N times)

|

Transfer of number of bytes of
programming control program

H'XX

|

Echobacks received data to host and also

Echoback

> transfers it to RAM.

-

H'AA

(repeated for N times)

Transmits data H'AA to host.

-

H'AA reception

Al
Branches to programming control program
transferred to on-chip RAM and starts
execution.
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Table7.3 System Clock Frequenciesfor which Automatic Adjustment of L S| Bit Rateis

Possible
Host Bit Rate System Clock Frequency Range of LSI
19,200 bps 16 to 20 MHz
9,600 bps 8to 16 MHz
4,800 bps 410 16 MHz
2,400 bps 2to 16 MHz

732 Programming/Erasing in User Program Mode

On-board programming/erasing of an individual flash memory block can also be performed in user
program maode by branching to a user program/erase control program. The user must set branching
conditions and provide on-board means of supplying programming data. The flash memory must
contain the user program/erase control program or a program that provides the user program/erase
control program from external memory. As the flash memory itself cannot be read during
programming/erasing, transfer the user program/erase control program to on-chip RAM, asin boot
mode. Figure 7.2 shows a sample procedure for programming/erasing in user program mode.
Prepare a user program/erase control program in accordance with the description in section 7.4,
Flash Memory Programming/Erasing.

Reset-start

No

Program/erase?

Y

Transfer user program/erase control Branch to flash memory application
program to RAM program

!

Branch to user program/erase control
program in RAM

!

Execute user program/erase control
program (flash memory rewrite)

!

Branch to flash memory application
program

Figure7.2 Programming/Erasing Flowchart Examplein User Program Mode
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7.4 Flash Memory Programming/Erasing

A software method using the CPU is employed to program and erase flash memory in the on-
board programming modes. Depending on the FLMCRL setting, the flash memory operatesin one
of the following four modes: Program mode, program-verify mode, erase mode, and erase-verify
mode. The programming control program in boot mode and the user program/erase control
program in user program mode use these operating modes in combination to perform
programming/erasing. Flash memory programming and erasing should be performed in
accordance with the descriptions in section 7.4.1, Program/Program-Verify and section 7.4.2,
Erase/Erase-V erify, respectively.

74.1 Program/Program-Verify

When writing data or programs to the flash memory, the program/program-verify flowchart shown
in figure 7.3 should be followed. Performing programming operations according to this flowchart
will enable data or programs to be written to the flash memory without subjecting the chip to
voltage stress or sacrificing program data reliability.

1. Programming must be done to an empty address. Do not reprogram an address to which
programming has aready been performed.

2. Programming should be carried out 128 bytes at atime. A 128-byte data transfer must be
performed even if writing fewer than 128 bytes. In this case, H'FF data must be written to the
extra addresses.

3. Prepare the following data storage areasin RAM: A 128-byte programming data area, a 128-
byte reprogramming data area, and a 128-byte additional-programming data area. Perform
reprogramming data computation according to table 7.4, and additional programming data
computation according to table 7.5.

4, Consecutively transfer 128 bytes of datain byte units from the reprogramming data area or
additional-programming data area to the flash memory. The program address and 128-byte
data are latched in the flash memory. The lower 8 bits of the start address in the flash memory
destination area must be H'00 or H'80.

5. Thetime during which the P bit is set to 1 is the programming time. Table 7.6 shows the
allowable programming times.

6. Thewatchdog timer (WDT) is set to prevent overprogramming due to program runaway, etc.
An overflow cycle of approximately 6.6 msisallowed.

7. For adummy write to a verify address, write 1-byte data H'FF to an address whose lower 2 bits
are B'00. Verify data can be read in words or in longwords from the address to which a dummy
write was performed.
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8. The maximum number of repetitions of the program/program-verify sequence of the same bit
is1,000.

Write pulse application subroutine

Apply Write Pulse START

[ WOT onabie | [ Sel SWE bitn FLVCR1 |
| Wait 1 us |
[ Set PSU bit in FLMCR1 | ¥
* Store 128-byte program data in program
[ Wait 50 us | data area and re;;rogram data area
! I = ]
[ Set P bit in FLMCR1 | ¥
[ m=0 ]
[ wait (wait time=programming time) | T

i Write 128-byte data in RAM reprogram
[ Clear P bit in FLMCR1 | data area consecutively to flash memory

[ Wait 5 us | I Apply Write pulse I
1 i
[ Clear PSU bit in FLMCR1 | [ SeLPY bl FLIGRT ]
Wait 4
[ Wait 5 us ] [ ataus ]
* Set block start address as
[ Disable WDT | verify address

nen+d

) )
End Sub [ HFF dummy write to verify address |

1]
[ Wait 2 us | )*
1]

[ Read verify data |

Increment address

[ i ing data computation |

[ Reprogram data computation |

[ Clear PV bitin FLMCR1 |

i
[ Wait 2 us |

Successively write 128-byte data from additional-
programming data area in RAM to flash memory
ub-Routine-Cal
” Apply Write Pulse H

es No
[ Clear SWE bit in FLMCR1 || Clear SWE bit in FLMCR1 |

[ Wait 100 us ] | Wait 100 ps |
L]

Note: *The RTS instruction must not be used during the following 1. and 2. periods.
1. A period between 128-byte data programming to flash memory and the P bit clearing
2. A period between dummy writing of H'FF to a verify address and verify data reading

Figure7.3 Program/Program-Verify Flowchart
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Table7.4 Reprogram Data Computation Table

Program Data Verify Data Reprogram Data Comments

0 0 1 Programming completed
0 1 0 Reprogram bit

1 0 1 —

1 1 1 Remains in erased state

Table7.5 Additional-Program Data Computation Table

Additional-Program

Reprogram Data Verify Data Data Comments

0 0 0 Additional-program bit

0 1 1 No additional programming
1 0 1 No additional programming
1 1 1 No additional programming

Table7.6  Programming Time

n Programming In Additional

(Number of Writes) Time Programming Comments
1t06 30 10

7 to 1,000 200 —

Note: Time shown in us.
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742 Erase/Erase-Verify

When erasing flash memory, the erase/erase-verify flowchart shown in figure 7.4 should be
followed.

1
2.

Prewriting (setting erase block datato all 0s) is not necessary.

Erasing is performed in block units. Make only a single-bit specification in the erase block
register (EBRL). To erase multiple blocks, each block must be erased in turn.

The time during which the E bit is set to 1 is the flash memory erase time.

The watchdog timer (WDT) is set to prevent overerasing due to program runaway, etc. An
overflow cycle of approximately 19.8 msis allowed.

For adummy write to a verify address, write 1-byte data H'FF to an address whose lower two
bits are B'00. Verify data can be read in longwords from the address to which a dummy write
was performed.

If the read datais not erased successfully, set erase mode again, and repeat the erase/erase-
verify sequence as before. The maximum number of repetitions of the erase/erase-verify
sequenceis 100.

74.3 Interrupt Handling when Programming/Erasing Flash Memory

All interrupts, including the NMI interrupt, are disabled while flash memory is being programmed
or erased, or while the boot program is executing, for the following three reasons:

1

Interrupt during programming/erasing may cause a violation of the programming or erasing
algorithm, with the result that normal operation cannot be assured.

If interrupt exception handling starts before the vector address iswritten or during
programming/erasing, a correct vector cannot be fetched and the CPU malfunctions.

If an interrupt occurs during boot program execution, normal boot mode sequence cannot be
carried out.
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| SWE bit « 1 |
1

I Wait 1 us ]
|
1

| n«1 |
i

| Set EBR1 |
[
'

| Enable WDT |
1

| ESU bit « 1 |
1

I Wait 100 s ]
1

| E bit « 1 |
1

| Wait 10 ms |
1

[ E bit < 0 |
1

| Wait 10 us |
1

| ESU bit « 0 |
1

| 10 pis |
1

| Disable WDT |

[ EV bit < 1 |

| Wait 20 ps |
i

| Set block start address as verify address |

1
|_H'FF dummy wriie;z to verify address |
| Wait 2 us | )*
|
]

| Read verify data

No

Verify data + all 1s ?

| Increment address |

Last address of block ?

| EV bit « 0 ] | EV bit < 0 ]
1 )

| Wait 4 us | | Wait 4us |

No Yes
All erase block erased ? @
No

| SWE bit < 0 | [ SWE bit < 0 |
1 1

| Wait 100 us | | Wait 100 us |

End of erasing

Note: * The RTS instruction must not be used during a period between dummy writing of H'FF to a verify address and verify data reading.

Figure7.4 Erase/Erase-Verify Flowchart
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7.5 Program/Erase Protection

There are three kinds of flash memory program/erase protection; hardware protection, software
protection, and error protection.

751 Har dwar e Protection

Hardware protection refers to a state in which programming/erasing of flash memory isforcibly
disabled or aborted because of atransition to reset, subsleep mode, or standby mode. The flash
memory control register 1 (FLMCRLY), flash memory control register 2 (FLMCR2), and erase
block register 1 (EBR1) areinitialized. In areset viathe RES pin, the reset state is not entered
unless the RES pin isheld low until oscillation stabilizes after powering on. In the case of areset
during operation, hold the RES pin low for the RES pulse width specified in the AC characteristic
section.

75.2 Softwar e Protection

Software protection can be implemented against programming/erasing of all flash memory blocks
by clearing the SWE bit in FLMCR1. When software protection isin effect, setting the P or E bit
in FLMCR1 does not cause a transition to program mode or erase mode. By setting the erase block
register 1 (EBR1), erase protection can be set for individual blocks. When EBR1 is set to H'00,
erase protection is set for all blocks.

75.3 Error Protection

In error protection, an error is detected when CPU runaway occurs during flash memory
programming/erasing, or operation is not performed in accordance with the program/erase
algorithm, and the program/erase operation is forcibly aborted. Aborting the program/erase
operation prevents damage to the flash memory due to overprogramming or overerasing.

When the following errors are detected during programming/erasing of flash memory, the FLER
bitin FLMCR2 is set to 1, and the error protection state is entered.

e When the flash memory of the relevant address areais read during programming/erasing
(including vector read and instruction fetch)

o Immediately after exception handling excluding areset during programming/erasing
e When a SLEEP instruction is executed during programming/erasing
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The FLMCRL, FLMCR2, and EBRL settings are retained, however program mode or erase mode
is aborted at the point at which the error occurred. Program mode or erase mode cannot be re-
entered by re-setting the P or E hit. However, PV and EV hit settings are retained, and atransition
can be made to verify mode. Error protection can be cleared only by areset.

7.6 Programmer Mode

In programmer mode, a PROM programmer can be used to perform programming/erasing via a
socket adapter, just as a discrete flash memory. Use a PROM programmer that supports the MCU
device type with the on-chip Renesas Technology 64-kbyte flash memory (FZTAT64V5).
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Section8 RAM

This LSl has an on-chip 2-kbyte high-speed static RAM. The RAM is connected to the CPU by a
16-hit data bus, enabling two-state access by the CPU to both byte data and word data.

Product Classification RAM Size RAM Address

2 kbytes H'F780 to H'FF7F*
When the E7 or E8 is used, area H'F780 to H'FB7F must not be accessed.

Flash memory version H8/36064GF
Note: *

RAMO0200A_000020030600

Rev. 2.00 Sep. 23,2005 Page 95 of 444
REJ09B0068-0200

RENESAS



Section 8 RAM

Rev. 2.00 Sep. 23,2005 Page 96 of 444
REJ09B0068-0200 RENESAS



Section 9 /O Ports

Section 9 /O Ports

This LS| has 45 general 1/0 ports and eight general input-only ports. Port 6 is alarge current port,
which can drive 20 mA (@V,, = 1.5V) when alow level signal is output. Any of these ports can
become an input port immediately after areset. They can aso be used as 1/O pins of the on-chip
peripheral modules or external interrupt input pins, and these functions can be switched depending
on the register settings. The registers for selecting these functions can be divided into two types:
those included in 1/0 ports and those included in each on-chip peripheral module. General 1/O
ports are comprised of the port control register for controlling inputs/outputs and the port data
register for storing output data and can select inputs/outputs in bit units.

For functions in each port, see Appendix B.1, 1/O Port Block Diagrams. For the execution of bit-
mani pulation instructions to the port control register and port data register, see section 2.8.3, Bit
Manipulation Instruction.

9.1 Port 1

Port 1 isageneral 1/0O port also functioning as IRQ interrupt input pins, a 14-bit PWM output pin,
atimer Bl input pin, and atimer V input pin. Figure 9.1 shows its pin configuration. The register
setting of PMR1 has priority for functions of the pins for both uses.

~<— P17/IRQ3/TRGV
<——» P16/IRQ2
<~——» P15/IRQT/TMIB1
Port 1 <~ P14/RD
~—> P12
~——> P11/PWM

<—» P10

Figure9.1 Port 1 Pin Configuration
Port 1 has the following registers.

e Port moderegister 1 (PMR1)

e Port control register 1 (PCR1)

e Port dataregister 1 (PDR1)

e Port pull-up control register 1 (PUCR1)
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911 Port Mode Register 1 (PMR1)

PMR1 switches the functions of pinsin port 1 and port 2.

Bit Bit Name

Initial
Value

R/W

Description

7 IRQ3

0

R/W

This bit selects the function of pin P17/IRQ3/TRGV.
0: General I/O port
1: IRQ3/TRGV input pin

6 IRQ2

R/W

This bit selects the function of pin P16/IRQ2.
0: General I/O port
1: IRQ2 input pin

5 IRQ1

R/W

This bit selects the function of pin P15/IRQ1/TMIB1.
0: General I/O port
1: IRQ1/TMIB1 input pin

4 IRQO

R/W

This bit selects the function of pin P14/IRQO.
0: General I/O port
1: IRQO input pin

3 TXD2

R/W

This bit selects the function of pin P72/TXD_2.
0: General I/O port
1: TXD_2 output pin

2 PWM

R/W

This bit selects the function of pin P11/PWM.
0: General I/O port
1: PWM output pin

1 TXD

R/W

This bit selects the function of pin P22/TXD.
0: General I/O port
1: TXD output pin

Reserved
This bit is always read as 0.
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9.1.2 Port Control Register 1 (PCR1)

PCRL1 selects inputs/outputs in bit units for pins to be used as general 1/O ports of port 1.

Initial
Bit Bit Name Value R/W Description
7 PCR17 0 W When the corresponding pin is designated in PMR1 as
6 PCR16 0 W a general I/O pin, setting a PCR1 bit to 1 makes the
corresponding pin an output port, while clearing the bit
S PCR15 0 W to 0 makes the pin an input port.
4 PCR14 0 W Bit 3 is a reserved bit.
3 — — —
2 PCR12 0 w
1 PCR11 0 w
0 PCR10 O w

913 Port Data Register 1 (PDR1)

PDR1 isageneral |/O port data register of port 1.

Initial
Bit Bit Name Value R/W Description
7 P17 0 R/W PDR1 stores output data for port 1 pins.
6 P16 0 R/W If PDR1 is read while PCR1 bits are set to 1, the value
5 P15 0 R/W stored in PDR1 are read. If PDR1 is read while PCR1
bits are cleared to 0, the pin states are read regardless
4 P14 0 R/W of the value stored in PDR1.
3 — 1 - Bit 3 is a reserved bit. This bit is always read as 1.
2 P12 0 R/W
1 P11 0 R/W
0 P10 0 R/W
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9.14 Port Pull-Up Control Register 1 (PUCR1)

PUCRL1 controls the pull-up MOS in bit units of the pins set as the input ports.

Initial
Bit Bit Name Value R/W Description
7 PUCR17 0 R/W Only bits for which PCR1 is cleared are valid. The pull-
6 PUCR16 0 R/W up MOS of P17 to P14_ and P12 to P10 p_ins enter the
on-state when these bits are set to 1, while they enter
S PUCR15 0 R/W the off-state when these bits are cleared to 0.
4 PUCR14 0 R/W Bit 3 is a reserved bit. This bit is always read as 1.
3 — 1 —
2 PUCR12 0 R/W
1 PUCR11 0 R/W
0 PUCR10 O R/W

9.15 Pin Functions
The correspondence between the register specification and the port functions is shown below.

e P17/IRQ3/TRGV pin

Register PMR1 PCR1
Bit Name IRQ3 PCR17 Pin Function
Setting value 0 0 P17 input pin
1 P17 output pin
1 X IRQ3 input/TRGV input pin
[Legend]
X: Don't care.
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e PI16/IRQ2 pin

Register PMR1 PCR1
Bit Name IRQ2 PCR16 Pin Function
Setting value 0 0 P16 input pin
1 P16 output pin
1 X TRQ2 input pin
[Legend]
X: Don't care.
e P15/IRQI/TMIB1 pin
Register PMR1 PCR1
Bit Name IRQ1 PCR15 Pin Function
Setting value 0 0 P15 input pin
1 P15 output pin
1 X IRQ1 input/TMIB1 input pin
[Legend]
X: Don't care.
e P14/IRQO pin
Register PMR1 PCR1
Bit Name IRQO PCR14 Pin Function
Setting value 0 0 P14 input pin
1 P14 output pin
1 X TRQO input pin

[Legend]
X: Don't care.

RENESAS
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e P12pin
Register PCR1
Bit Name PCR12

Pin Function

Setting value 0

P12 input pin

1

P12 output pin

e P11/PWM pin

Register PMR1 PCR1

Bit Name PWM PCR11 Pin Function

Setting value 0 0 P11 input pin
1 P11 output pin

1 X PWM output pin

[Legend]

X: Don't care.

e P10pin

Register PCR1

Bit Name PCR10 Pin Function

Setting value 0
1

P10 input pin

P10 output pin
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9.2 Port 2

Port 2 isageneral 1/0O port also functioning as SCI3 /O pins. Each pin of the port 2 is shown in
figure 9.2. The register settings of PMR1and SCI3 have priority for functions of the pins for both
USes.

< P24
+— P23
Port2 |<+— P22/TXD
~<— P21/RXD

~— P20/SCK3

Figure9.2 Port 2 Pin Configuration
Port 2 has the following registers.

e Port control register 2 (PCR2)
e Port dataregister 2 (PDR2)
o Port mode register 3 (PMR3)

9.21 Port Control Register 2 (PCR2)

PCR2 selects inputs/outputs in bit units for pins to be used as general 1/O ports of port 2.

Initial
Bit Bit Name Value R/W Description
7t05 — — — Reserved
4 PCR24 0 w When each of the port 2 pins P24 to P20 functions as a
3 PCR23 0 W general I/O'port,.setting a PCR2 bit tg 1 makgs the .
corresponding pin an output port, while clearing the bit
2 PCR22 0 W to 0 makes the pin an input port.
1 PCR21 0 W
0 PCR20 O W
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9.2.2 Port Data Register 2 (PDR2)

PDR2 isageneral |/O port data register of port 2.

Initial
Bit Bit Name Value R/W Description
7t05 — All 1 — Reserved
These bits are always read as 1.
4 P24 0 R/W PDR2 stores output data for port 2 pins.
3 P23 0 R/W If PDR2 is read while PCR2 bits are set to 1, the value
2 poo 0 R/W stored in PDR2 is read. If PDR2 is read while PCR2
bits are cleared to 0, the pin states are read regardless
1 P21 0 R/W of the value stored in PDR2.
0 P20 0 R/W

9.2.3 Port Mode Register 3 (PMR3)

PMR3 selects the CMOS output or NMOS open-drain output for port 2.

Initial

Bit Bit Name Value R/W Description

7t05 — AllO — Reserved
These bits are always read as 0.

4 POF24 0 R/W When the bit is set to 1, the corresponding pin is cut off

POF23 0 R/W by PMOS and it functions as the.NMOS. open-drain

output. When cleared to 0, the pin functions as the
CMOS output.

2100 — All 1 — Reserved

These bits are always read as 1.
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9.24 Pin Functions

The correspondence between the register specification and the port functions is shown below.

e P24pin

Register PCR2

Bit Name PCR24

Pin Function

Setting Value 0

P24 input pin

1

P24 output pin

e P23pin

Register PCR2

Bit Name PCR23

Pin Function

Setting Value 0

P23 input pin

1

P23 output pin

e P22/TXD pin

Register PMR1 PCR2

Bit Name TXD PCR22 Pin Function

Setting Value 0 0 P22 input pin

1 P22 output pin

1 X TXD output pin

[Legend]

X: Don't care.
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e P21/RXD pin
Register SCR3 PCR2
Bit Name RE PCR21 Pin Function
Setting Value 0 0 P21 input pin
1 P21 output pin
1 X RXD input pin
[Legend]
X: Don't care.
e P20/SCK3pin
Register SCR3 SMR PCR2
Bit Name CKE1l CKEO COM PCR20 Pin Function
Setting Value 0 0 0 0 P20 input pin
1 P20 output pin
0 1 X SCKS output pin
1 X X SCK® output pin
X X X SCKS input pin
[Legend]
X: Don't care.
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9.3 Port 3

Port 3isageneral 1/0O port. Each pin of the port 3 is shown in figure 9.3.

~—» P37
~<—» P36
<«—» P35
Portg | > P34
~<—» P33
<+ P32

~<—» P31

Figure9.3 Port 3 Pin Configuration
Port 3 has the following registers.

e Port control register 3 (PCR3)
e Port dataregister 3 (PDR3)

931 Port Control Register 3 (PCR3)
PCRS3 selects inputs/outputs in bit units for pins to be used as general 1/O ports of port 3.
Initial
Bit Name Value
PCR37 0
PCR36
PCR35
PCR34
PCR33
PCR32
PCR31
PCR30

@
P
=

Description

Setting a PCRS3 bit to 1 makes the corresponding pin an
output port, while clearing the bit to 0 makes the pin an
input port.

o == N W~ 01O N
O O O O O O o
-
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9.3.2 Port Data Register 3 (PDR3)

PDR3 isageneral |/O port data register of port 3.

Initial
Bit Bit Name Value R/W Description
7 P37 0 R/W PDRS3 stores output data for port 3 pins.
6 P36 0 R/W If PDR3 is read while PCR3 bits are set to 1, the value
5 P35 0 R/W stored in PDR3 is rea(_j. If PDR3 is read while PCR3 bits
are cleared to 0, the pin states are read regardless of
4 P34 0 R/W the value stored in PDR3.
3 P33 0 R/W
2 P32 0 R/W
1 P31 0 R/W
0 P30 0 R/W

9.3.3 Pin Functions

The correspondence between the register specification and the port functions is shown below.

e P37pin

Register PCR3

Bit Name PCR37

Pin Function

Setting Value 0

P37 input pin

1

P37 output pin

e P36pin

Register PCR3

Bit Name PCR36

Pin Function

Setting Value 0

P36 input pin

1

P36 output pin
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e P35pin

Register PCR3

Bit Name PCR35 Pin Function

Setting Value 0 P35 input pin
1 P35 output pin

e P34pin

Register PCR3

Bit Name PCR34 Pin Function

Setting Value 0 P34 input pin
1 P34 output pin

e P33pin

Register PCR3

Bit Name PCR33 Pin Function

Setting Value 0 P33 input pin
1 P33 output pin

e P32pin

Register PCR3

Bit Name PCR32 Pin Function

Setting Value 0 P32 input pin
1 P32 output pin

e P3lpin

Register PCR3

Bit Name PCR31 Pin Function

Setting Value 0 P31 input pin

1

P31 output pin

RENESAS
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e P30pin

Register PCR3

Bit Name PCR30 Pin Function

Setting Value 0 P30 input pin
1 P30 output pin

94 Port 5

Port 5 is ageneral 1/0 port also functioning as an 1°C bus interface 1/O pin, an A/D trigger input
pin, and awakeup interrupt input pin. Each pin of the port 5 is shown in figure 9.4. The register
setting of PMR5 has priority for functions of the pins for both uses.

~——» P57/SCL
~<——> P56/SDA
<——» P55/WKP5/ADTRG
Pots | P54/WKP4
~<—— P53/WKP3
~<—» P52/WKP2
~<— P51/WKP1

~— P50/WKPO

Figure9.4 Port 5 Pin Configuration
Port 5 has the following registers.

e Port mode register 5 (PMR5)

e Port control register 5 (PCR5)

e Port dataregister 5 (PDR5)

e Port pull-up control register 5 (PUCR5)
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94.1 Port Mode Register 5 (PMR5)

PMR5 switches the functions of pinsin port 5.

Initial
Bit Bit Name Value R/W Description
7 POF57 0 R/W When set to 1, the corresponding pin is cut off by
6 POF56 0 R/W PMOS and it functions as the NMOS open-drain output.
When cleared to 0, the pin functions as the CMOS
output.
5 WKP5 0 R/W This bit selects the function of pin P55/WKP5/ADTRG.

0: General I/O port
1: WKP5/ADTRG input pin

4 WKP4 0 R/W This bit selects the function of pin P54/WKP4.
0: General I/O port
1: WKP4 input pin

3 WKP3 0 R/W This bit selects the function of pin P53/WKP3.
0: General I/O port
1: WKP3 input pin

2 WKP2 0 R/W This bit selects the function of pin P52/WKP2.
0: General I/O port
1: WKP2 input pin

1 WKP1 0 R/W This bit selects the function of pin P51/WKP1.
0: General I/O port
1: WKP1 input pin

0 WKPO 0 R/W This bit selects the function of pin P50/WKPO.
0: General I/O port
1: WKPO input pin
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94.2 Port Control Register 5 (PCR5)

PCR5 selects inputs/outputs in bit units for pins to be used as general 1/O ports of port 5.

Initial
Bit Bit Name Value R/W Description
7 PCR57 O W When each of the port 5 pins P57 to P50 functions as a
6 PCR56 0O W general I/O port, setting a PCR5 bit to 1 makes the
corresponding pin an output port, while clearing the bit
S PCRS5 0 W to 0 makes the pin an input port.
4 PCR54 0 w
3 PCR53 0 w
2 PCR52 0 w
1 PCR51 0 w
0 PCR50 0 w

9.4.3 Port Data Register 5 (PDR5)

PDR5 isageneral |/O port data register of port 5.

Initial
Bit Bit Name Value R/W Description
7 P57 0 R/W Stores output data for port 5 pins.
6 P56 0 R/W If PDR5 is read while PCR5 bits are set to 1, the value
5 P55 0 R/W stored in PDR5 are read. If PDR5 is read while PCR5
bits are cleared to 0, the pin states are read regardless
4 P54 0 R/W of the value stored in PDRS5.
3 P53 0 R/W
2 P52 0 R/W
1 P51 0 R/W
0 P50 0 R/W
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944 Port Pull-Up Control Register 5 (PUCR5)

PUCRS controls the pull-up MOS in hit units of the pins set as the input ports.

Initial
Bit Bit Name Value R/W Description
7,6 — AllO — Reserved
These bits are always read as 0.
5 PUCR55 0 R/W Only bits for which PCR5 is cleared are valid. The pull-
4 PUCR54 0 R/W up MOS of thg corresponding pips enter the on-state
when these bits are set to 1, while they enter the off-
3 PUCR53 0 R/W state when these bits are cleared to 0.
2 PUCR52 0 R/W
1 PUCR51 0 R/W
0 PUCR50 0 R/W

9.4.5 Pin Functions

The correspondence between the register specification and the port functions is shown below.

e P57/SCL pin

Register ICCR1 PCR5

Bit Name ICE PCR57 Pin Function

Setting Value 0 0 P57 input pin

1 P57 output pin

1 X SCL I/O pin

[Legend]

X: Don't care.

SCL performs the NMOS open-drain output, which enables direct bus drive.
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e P56/SDA pin

Register ICCR1 PCR5

Bit Name ICE PCR56 Pin Function

Setting Value 0 0 P56 input pin
1 P56 output pin

1 X SDA 1/O pin
[Legend]
X: Don't care.

SDA performs the NMOS open-drain output, which enables direct bus drive.

e P55/WKP5/ADTRG pin

Register PMR5 PCR5
Bit Name WKP5 PCR55 Pin Function
Setting Value 0 0 P55 input pin
1 P55 output pin
1 X WKP5/ADTRG input pin
[Legend]
X: Don't care.

o P54/WKP4 pin

Register PMR5 PCR5
Bit Name WKP4 PCR54 Pin Function
Setting Value 0 0 P54 input pin
1 P54 output pin
1 X WKP4 input pin
[Legend]
X: Don't care.
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e P53/WKP3 pin

Register PMR5 PCR5
Bit Name WKP3 PCR53 Pin Function
Setting Value 0 0 P53 input pin
1 P53 output pin
1 X WKP3 input pin
[Legend]
X: Don't care.
e P52/WKP2 pin
Register PMR5 PCR5
Bit Name WKP2 PCR52 Pin Function
Setting Value 0 0 P52 input pin
1 P52 output pin
1 X WKP2 input pin
[Legend]
X: Don't care.
e P51/WKPI pin
Register PMR5 PCR5
Bit Name WKP1 PCR51 Pin Function
Setting Value 0 0 P51 input pin
1 P51 output pin
1 X WKP1 input pin

[Legend]
X: Don't care.
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e P50/WKPO pin

Register PMR5 PCR5
Bit Name WKPO PCR50 Pin Function
Setting Value 0 0 P50 input pin
1 P50 output pin
1 X WKPO input pin

[Legend]
X: Don't care.
9.5 Port 6

Port 6 isageneral 1/0 port also functioning as atimer Z 1/O pin. Each pin of the port 6 is shown in
figure 9.5. The register setting of the timer Z has priority for functions of the pins for both uses.

Port 6

~— P67/FTIOD1
~— P66/FTIOCH
<—» P65/FTIOB1
~—> P64/FTIOA1
~—— P63/FTIODO
~—> P62/FTIOCO
~<— P61/FTIOBO
~— P60/FTIOAQ

Figure9.5 Port 6 Pin Configuration

Port 6 has the following registers.

e Port control register 6 (PCR6)
e Port dataregister 6 (PDR6)

Rev. 2.00 Sep. 23,2005 Page 116 of 444

REJ09B0068-0200

RENESAS




Section 9 /O Ports

951 Port Control Register 6 (PCR6)

PCR®6 selects inputs/outputs in bit units for pins to be used as general 1/O ports of port 6.

Initial
Bit Bit Name Value R/W Description
7 PCR67 O W When each of the port 6 pins P67 to P60 functions as a
6 PCR66 0O W general I/O port, setting a PCR®6 bit to 1 makes the
corresponding pin an output port, while clearing the bit
S PCR65 0 W to 0 makes the pin an input port.
4 PCR64 0 w
3 PCR63 0 w
2 PCR62 0 w
1 PCR61 0 w
0 PCR60 O w

95.2 Port Data Register 6 (PDR6)

PDR6 isageneral |/O port data register of port 6.

Initial
Bit Bit Name Value R/W Description
7 P67 0 R/W Stores output data for port 6 pins.
6 P66 0 R/W If PDRG6 is read while PCR6 bits are set to 1, the value
5 P65 0 R/W stored in PDR6 are read. If PDR6 is read while PCR6
bits are cleared to 0, the pin states are read regardless
4 P64 0 R/W of the value stored in PDR6.
3 P63 0 R/W
2 P62 0 R/W
1 P61 0 R/W
0 P60 0 R/W
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953

Pin Functions

The correspondence between the register specification and the port functions is shown below.

e P67/FTIOD1 pin

Register TOER TFCR TPMR TIORC1 PCR6
CMD1,
Bit Name ED1 CMDO PWMD1 |10D2to IODO PCR67 Pin Function
Setting Value 1 00 0 000or1XX 0 P67 input/FTIOD1 input
pin
1 P67 output pin
0 00 0 001 or01X X FTIOD1 output pin
XXX
Otherthan X XXX
00
[Legend]
X: Don't care.
e P66/FTIOC1 pin
Register TOER TFCR TPMR TIORC1 PCR6
CMD1,
Bit Name EC1 CMDO PWMC1 10C2to IOCO PCR66 Pin Function
Setting Value 1 00 0 000or1XX O P66 input/FTIOC1 input
pin
1 P66 output pin
0 00 0 001 or X FTIOC1 output pin
01X
1 XXX
Other than X XXX
00
[Legend]
X: Don't care.
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e PE5/FTIOB1 pin

Register TOER TFCR TPMR TIORA1 PCR6
CMD1,
Bit Name EB1 CMDO PWMB1 |0B2to IOBO PCR65 Pin Function
Setting Value 1 00 0 000or1XX O P65 input/FTIOB1 input
pin
1 P65 output pin
0 00 0 001 or X FTIOB1 output pin
01X
1 XXX
Other than X XXX
00
[Legend]
X: Don't care.
e PO64/FTIOAL pin
Register TOER TFCR TIORA1 PCR6
CMD1,
Bit Name EAL CMDO I0A21t0 IOA0 PCR64 Pin Function
Setting Value 1 XX 000 or 0 P64 input/FTIOA1 input
pin
1XX 1 P64 output pin
0 00 001 or 01X X FTIOA1 output pin
[Legend]
X: Don't care.
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e PG3/FTIODO pin

Register TOER TFCR TPMR TIORCO PCR6
CMD1,
Bit Name EDO CMDO PWMDO 10D2to IODO PCR63 Pin Function
Setting Value 1 00 0 000or1XX 0 P63 input/FTIODO input
pin
1 P63 output pin
0 00 0 001 or X FTIODO output pin
01X
1 XXX
Other than X XXX
00
[Legend]
X: Don't care.
e P62/FTIOCO pin
Register TOER TFCR TPMR TIORCO PCR6
CMD1,
Bit Name ECO CMDO PWMCO 10C2to IOCO PCR62 Pin Function
Setting Value 1 00 0 000or1XX O P62 input/FTIOCO input
pin
1 P62 output pin
0 00 0 001 or X FTIOCO output pin
01X
1 XXX
Other than X XXX
00
[Legend]
X: Don't care.
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e PBLFTIOBO pin

Register TOER TFCR TPMR  TIORAO PCR6
Bit Name EBO CMD1, CMDO PWMBO 10B2to IOBO PCR61 Pin Function
Setting 1 00 0 000ori1XX O P61 input/FTIOBO input pin
Value 1 P61 output pin
0 00 0 001 or X FTIOBO output pin
01X
1 XXX
Other than 00 X XXX
[Legend]
X: Don't care.

e PEO/FTIOAO pin

Register TOER TFCR TFCR TIORAO PCR6
Bit Name EAO CMD1, CMDO STCLK IOA2to IOAO0 PCR60 Pin Function
Setting 1 XX X 000 or 0 P60 input/FTIOAO input pin
Value 1XX 1 P60 output pin

0 00 0 001 or X FTIOAOQ output pin

01X

[Legend]
X: Don't care.
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9.6 Port 7

Port 7 isageneral 1/0 port also functioning asatimer V 1/0O pin and SCI3_2 1/O pin. Each pin of
the port 7 is shown in figure 9.6. The register settings of thetimer V, PMR1, and SCI3_2 have
priority for functions of the pins for both uses.

<—» P76/TMOV
~— > P75/TMCIV
~— P74/TMRIV
Port 7
~<— P72/TXD_2
<—> P71/RXD_2

~— P70/SCK3_2

Figure9.6 Port 7 Pin Configuration
Port 7 has the following registers.
e Port control register 7 (PCR7)
e Port dataregister 7 (PDR7)
9.6.1 Port Control Register 7 (PCR7)

PCRY7 selects inputs/outputs in bit units for pins to be used as general 1/O ports of port 7.

Initial
Bit Bit Name Value R/W Description
7 — — — When each of the port 7 pins P76 to P74 and P72 to
6 PCR76 0 W P70 functions as a generaI_I/O port, setting a PCR7 pit
to 1 makes the corresponding pin an output port, while
S PCR76 0 W clearing the bit to 0 makes the pin an input port.
4 PCR74 0 W Bits 7 and 3 are reserved bits.
3 — — —
2 PCR72 0 w
1 PCR71 0 w
0 PCR70 O w
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9.6.2 Port Data Register 7 (PDR7)

PDR7 isageneral |/O port data register of port 7.

Initial

Bit Bit Name Value R/W Description
7 — 1 — Stores output data for port 7 pins.
6 P76 0 R/W If PDR7 is read while PCR7 bits are set to 1, the value
5 P75 0 R/W stored in PDR7 are read. If PDR7 is read while PCR7

bits are cleared to 0, the pin states are read regardless
4 P74 0 R/W of the value stored in PDR7.
3 - 1 - Bits 7 and 3 are reserved bits. These bits are always
2 P72 0 R/W read as 1.
1 P71 0 R/W
0 P70 0 R/W

9.6.3 Pin Functions

The correspondence between the register specification and the port functions is shown below.

e P76/TMOV pin

Register TCSRV PCR7
Bit Name 0S3to OSO PCR76 Pin Function
Setting Value 0000 0 P76 input pin
1 P76 output pin
Otherthan X TMOV output pin
the above
values
[Legend]
X: Don't care.
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e P75/TMCIV pin

Register PCR7

Bit Name PCR75 Pin Function

Setting Value 0 P75 input/TMCIV input pin
1 P75 output/TMCIV input pin

e P74/TMRIV pin

Register PCR7

Bit Name PCR74 Pin Function

Setting Value 0 P74 input/TMRIV input pin
1 P74 output/TMRIV input pin

e P72/TXD_2pin

Register PMR1 PCR7
Bit Name TXD2 PCR72 Pin Function
Setting Value 0 0 P72 input pin
1 P72 output pin
1 X TXD_2 output pin
[Legend]
X: Don't care.

e P71/RXD_2pin

Register SCR3_2 PCR7
Bit Name RE PCR71 Pin Function
Setting Value 0 0 P71 input pin
1 P71 output pin
1 X RXD_2 input pin
[Legend]
X: Don't care.

Rev. 2.00 Sep. 23,2005 Page 124 of 444
REJ09B0068-0200 RENESAS



Section 9 /O Ports

e P70/SCK3_2pin

Register SCR3_2 SMR2 PCR7
Bit Name CKE1l CKEO COM PCR70 Pin Function
Setting Value 0 0 0 0 P70 input pin
1 P70 output pin
0 1 X SCKB8_2 output pin
X X SCKB3_2 output pin
X X X SCKB3_2 input pin
[Legend]
X: Don't care.
9.7 Port 8

Port 8 isageneral 1/0O port. Each pin of the port 8 is shown in figure 9.7.

Portg8 |<+——> P86

<+—» P85

Figure9.7 Port 8 Pin Configuration
Port 8 has the following registers.

e Port control register 8 (PCR8)
o Port dataregister 8 (PDRS)
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9.7.1 Port Control Register 8 (PCR8)

PCR8 selects inputs/outputs in bit units for pins to be used as general 1/O ports of port 8.

Initial
Bit Bit Name Value R/W Description
7 PCR87 0 W When each of the port 8 pins P87 to P85 functions as a
6 PCR86 0 W general I/O port, setting a PCR8 bit to 1 makes the
corresponding pin an output port, while clearing the bit
S PCR85 0 W to 0 makes the pin an input port.
4t00 — — — Reserved

9.7.2 Port Data Register 8 (PDR8)

PDR8 isageneral |/O port data register of port 8.

Initial
Bit Bit Name Value R/W Description
P87 0 R/W PDR8 stores output data for port 8 pins.
P86 0 R/W If PDR8 is read while PCR8 bits are set to 1, the value
P85 0 R/W stored in PDR8 is read. If PDR8 is read while PCR8 bits

are cleared to 0, the pin states are read regardless of
the value stored in PDRS.

4t00 — All 1 — Reserved
These bits are always read as 1.

9.7.3 Pin Functions

The correspondence between the register specification and the port functions is shown below.

e P87pin

Register PCR8

Bit Name PCR87 Pin Function
Setting Value 0 P87 input pin

1 P87 output pin
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e P86 pin
Register PCRS8
Bit Name PCR86 Pin Function
Setting Value 0 P86 input pin
1 P86 output pin
e P85pin
Register PCRS8
Bit Name PCR85 Pin Function
Setting Value 0 P85 input pin
1 P85 output pin
9.8 Port B

Port B is an input port also functioning as an A/D converter analog input pin. Each pin of the port

B isshownin figure 9.8.

-<+— PB7/AN7
~<— PB6/AN6

<«——— PB5/ANS

~<— PB4/AN4
Port B
~<— PB3/AN3
~<— PB2/AN2
~<+— PB1/AN1

~<— PBO0/ANO

Figure9.8 Port B Pin Configuration

Port B has the following register.

o Port dataregister B (PDRB)
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9.8.1 Port Data Register B (PDRB)

PDRB is ageneral input-only port data register of port B.

Initial
Bit Bit Name Value R/W Description
7 PB7 — R The input value of each pin is read by reading this
6 PB6 . R register.
5 PB5 - R However, if a port B pin is designated as an analog
input channel by ADCSR in A/D converter, 0O is read.
4 PB4 — R
3 PB3 — R
2 PB2 — R
1 PB1 — R
0 PBO — R
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Section 10 Timer B1

Timer B1 isan 8-hit timer that increments each time a clock pulseisinput. Thistimer has two
operating modes, interval and auto reload. Figure 10.1 shows a block diagram of timer B1.

10.1 Features

e Selection of seven internal clock sources (¢/8192, $/2048, ¢/512, $/256, /64, $/16, and ¢/4) or
an external clock (can be used to count external events).

e Aninterrupt is generated when the counter overflows.

7\
TMB1
1 (2]
o o— PSS a
TCB1 el
= 8
N E
TMIB1 &
IS
TLB1
[Legend]
TMB1: Timer mode register B1
TCB1: Timer counter B1 \/
TLB1:  Timer load register B1
IRRTB1: Timer B1 interrupt request flag
PSS: Prescaler S
TMIB1: Timer B1 event input — IRRTB1
Figure10.1 Block Diagram of Timer B1
10.2  Input/Output Pin
Table 10.1 shows the timer B1 pin configuration.
Table10.1 Pin Configuration
Name Abbreviation /0 Function
Timer B1 event input  TMIB1 Input Event input to TCB1
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10.3  Register Descriptions
Thetimer B1 has the following registers.

e Timer moderegister B1 (TMB1)
e Timer counter B1 (TCB1)
e Timer load register B1 (TLB1)

10.3.1 Timer Mode Register B1 (TMB1)

TMBL1 selects the auto-reload function and input clock.

Initial
Bit Bit Name Value R/W Description
7 T™MB17 O R/W Auto-reload function select
0: Interval timer function selected
1: Auto-reload function selected
6to3 — All 1 — Reserved
These bits are always read as 1.
2 TMB12 O R/W Clock select
TMB11 0 R/W 000: Internal clock: ¢/8192
0 TMB10 0 R/W 001: Internal clock: $/2048

010: Internal clock: ¢/512

011: Internal clock: $/256

100: Internal clock: ¢/64

101: Internal clock: ¢/16

110: Internal clock: ¢/4

111: External event (TMIB1): rising or falling edge*

Note: * The edge of the external event signal is
selected by the IEG1 bit in the interrupt edge
select register 1 (IEGR1). See section 3.2.1,
Interrupt Edge Select Register 1 (IEGR1), for
details. Before setting TMB12 to TMB10 to 1,
IRQ1 in the port mode register 1 (PMR1)
should be set to 1.
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1032 Timer Counter B1(TCB1)

TCB1 is an 8-bit read-only up-counter, which isincremented by internal clock input. The clock
source for input to this counter is selected by the TMB12 to TMB10 bitsin TMB1. TCB1 values
can be read by the CPU at any time. When TCB1 overflows from H'FF to H'00 or to the value set
in TLB1, the IRRTB1 flagin IRR2isset to 1. TCB1 isalocated to the same address as TLB1.
TCB1isinitiaized to H'0O.

10.3.3 Timer Load Register B1 (TLB1)

TLB1isan 8-bit write-only register for setting the reload value of TCB1. When areload valueis
setin TLB1, the samevalueisloaded into TCB1 aswell, and TCBL1 starts counting up from that
value. When TCB1 overflows during operation in auto-reload mode, the TLB1 valueis loaded
into TCB1. Accordingly, overflow periods can be set within the range of 1 to 256 input clocks.
TLB1 isallocated to the same addressas TCB1. TLB1 isinitialized to H'00.

104  Operation

10.4.1 Interval Timer Operation

When the TMB17 bitin TMB1 is cleared to O, the timer B1 functions as an 8-bit interval timer.
Upon reset, TCB1 is cleared to H'00 and the TMB17 hit is cleared to 0, so up-counting and
interval timing resume immediately. The operating clock of the timer B1 is selected from seven
internal clock signals output by prescaler S, or an external clock input at the TMB1 pin. The
selection is made by the TMB12 to TMB10 bitsin TMBL1.

After the count value in TMB1 reaches H'FF, the next clock signal input causes timer B1 to
overflow, setting flag IRRTB1in IRR2to 1. If IENTB1inIENR2is1, aninterrupt is requested to
the CPU.

At overflow, TCB1 returnsto H'00 and starts counting up again. During interval timer operation
(TMB17 = 0), when avalueis set in TLB1, the same valueis set in TCB1.
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10.4.2  Auto-Reload Timer Operation

Setting the TMB17 hit in TMBL1 to 1 causes the timer B1 to function as an 8-bit auto-reload timer.
When areload valueis set in TLB1, the same value is loaded into TCB1, becoming the value from
which TCB1 starts its count. After the count value in TCB1 reaches H'FF, the next clock signal
input causes the timer B1 to overflow. The TLB1 value isthen loaded into TCB1, and the count
continues from that value. The overflow period can be set within arange from 1 to 256 input
clocks, depending on the TLB1 value.

The clock sources and interrupts in auto-reload mode are the same as in interval mode. In auto-
reload mode (TMB17 = 1), when anew valueissetin TLB1, the TLB1 valueis also loaded into
TCBL1.

10.4.3 Event Counter Operation

Timer B1 can operate as an event counter in which TMIB1 is set to an event input pin. External
event counting is selected by setting the TMB12 to TMB10 hitsin TMB1 to 1. TCB1 counts up at
rising or falling edge of an external event signal input at the TMB1 pin.

When the timer B1 is used to count external event input, the IRQ1 hit in PMR1 should be set to 1
and the IEN1 bit in IENR1 should be cleared to 0 to disable IRQ1 interrupt requests.

10.5 Timer B1 Operating M odes
Table 10.2 shows the timer B1 operating modes.

Table10.2 Timer B1 Operating Modes

Operating Mode Reset Active Sleep Subsleep Standby

TCB1 Interval Reset Functions Functions Halted Halted
Auto-reload Reset Functions Functions Halted Halted

TMBH1 Reset Functions Retained Retained Retained
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Section11 Timer V

Thetimer V isan 8-bit timer based on an 8-bit counter. Thetimer V counts external events.
Compare-match signals with two registers can also be used to reset the counter, request an
interrupt, or output a pulse signal with an arbitrary duty cycle. Counting can be initiated by a
trigger input at the TRGV pin, enabling pulse output control to be synchronized to the trigger,
with an arbitrary delay from the trigger input. Figure 11.1 shows a block diagram of thetimer V.

111 Features

e Choice of seven clock signals
Choice of six internal clock sources (¢/128, ¢/64, ¢/32, ¢/16, ¢/8, ¢/4) or an external clock.
e Selection of counter clear source

Counter can be cleared by compare match A or B, or by an external reset signal. If the count
stop function is selected, the counter can be halted when cleared.

e Control of timer output by combination of two compare match signals

Timer output is controlled by two independent compare match signals, enabling pul se output
with an arbitrary duty cycle, PWM output, and other applications.

e Threeinterrupt sources. compare match A, compare match B, timer overflow

e Count start function by trigger input
Counting can be initiated by trigger input at the TRGV pin. The rising edge, falling edge, or
both edges of the TRGV input can be selected.
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Figure1l1l.1 Block Diagram of Timer V
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11.2  Input/Output Pins

Table 11.1 shows the timer V pin configuration.

Table11.1 Pin Configuration

Name Abbreviation  1/0 Function

Timer V output TMOV Output Timer V waveform output
Timer V clock input TMCIV Input Clock input to TCNTV

Timer V reset input TMRIV Input External input to reset TCNTV
Trigger input TRGV Input Trigger input to initiate counting

11.3  Register Descriptions

ThetimeV hasthe following registers.

Timer counter V (TCNTV)

Timer constant register A (TCORA)
Timer constant register B (TCORB)
Timer control register VO (TCRVO)
Timer control/status register V (TCSRV)
Timer control register V1 (TCRV1)

11.31 Timer Counter V (TCNTV)

TCNTV isan 8-bit up-counter. The clock sourceis selected by the CKS2 to CKS0 bitsin TCRVO.
The TCNTV value can be read and written by the CPU at any time. TCNTV can be cleared by an
external reset input signal, or by compare match A or B. The clearing signal is selected by the
CCLR1 and CCLRO bitsin TCRVO0. When TCNTV overflows, the OVF flag in TCSRV is set to
1. TCNTV isinitialized to H'00.
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11.3.2 TimeConstant Registers A and B (TCORA, TCORB)
TCORA and TCORB have the same function.

TCORA and TCORB are 8-hit readable/writable registers. TCORA and TCNTV are compared at
all times. When the TCORA and TCNTV contents match, the CMFA flagin TCSRV issetto 1. If
the CMIEA hit in TCRVO isalso set to 1, a CPU interrupt is requested. Note that they must not be
compared during the T3 state of a TCORA write cycle. Timer output from the TMOV pin can be
controlled by the identifying signal (compare match A) and the settings of the OS3 to OS0 bitsin
TCSRV.

TCORA and TCORB areinitialized to H'FF.
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11.3.3 Timer Control Register VO (TCRVO0)

TCRVO selects the input clock signals of TCNTV, specifies the clearing conditions of TCNTV,

and controls each interrupt request.

Initial

Bit Bit Name Value R/W Description

7 CMIEB 0 R/W Compare Match Interrupt Enable B
When this bit is set to 1, interrupt request from the
CMFB bit in TCSRV is enabled.

6 CMIEA O R/W Compare Match Interrupt Enable A
When this bit is set to 1, interrupt request from the
CMFA bit in TCSRV is enabled.

5 OVIE 0 R/W Timer Overflow Interrupt Enable
When this bit is set to 1, interrupt request from the OVF
bit in TCSRV is enabled.

CCLR1 0 R/W Counter Clear 1 and 0

3 CCLRO O R/W These bits specify the clearing conditions of TCNTV.
00: Clearing is disabled
01: Cleared by compare match A
10: Cleared by compare match B
11: Cleared on the rising edge of the TMRIV pin. The

operation of TCNTV after clearing depends on
TRGE in TCRV1.
2 CKS2 0 R/W Clock Select2to 0
CKS1 0 R/W These bits select clock signals to input to TCNTV and
0 CKS0 0 R/W the counting condition in combination with ICKSO in

TCRV1.
Refer to table 11.2.

Rev. 2.00 Sep. 23, 2005 Page 137 of 444

RENESAS REJ09B0068-0200



Section 11 Timer V

Table11.2 Clock Signalsto Input to TCNTV and Counting Conditions

TCRVO TCRV1
Bit 2 Bit 1 Bit 0 Bit 0
CKS2 CKS1 CKSO0 ICKSO0 Description
0 0 0 — Clock input prohibited
1 0 Internal clock: counts on ¢/4, falling edge
1 Internal clock: counts on ¢/8, falling edge
1 0 0 Internal clock: counts on ¢/16, falling edge
1 Internal clock: counts on ¢/32, falling edge
1 0 Internal clock: counts on ¢/64, falling edge
1 Internal clock: counts on ¢/128, falling edge
1 0 0 — Clock input prohibited
1 — External clock: counts on rising edge
1 0 — External clock: counts on falling edge
1 — External clock: counts on rising and falling

edge
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11.34 Timer Control/Status Register V (TCSRV)

TCSRYV indicates the status flag and controls outputs by using a compare match.

Initial
Bit Bit Name Value R/W Description
7 CMFB 0 R/W Compare Match Flag B
[Setting condition]
When the TCNTV value matches the TCORB value
[Clearing condition]
After reading CMFB = 1, cleared by writing 0 to CMFB
6 CMFA 0 R/W Compare Match Flag A
[Setting condition]
When the TCNTV value matches the TCORA value
[Clearing condition]
After reading CMFA = 1, cleared by writing 0 to CMFA
5 OVF 0 R/W Timer Overflow Flag
[Setting condition]
When TCNTV overflows from H'FF to H'00
[Clearing condition]
After reading OVF = 1, cleared by writing 0 to OVF
4 — 1 — Reserved
This bit is always read as 1.
0OS3 0 R/W Output Select 3 and 2
2 0S2 0 R/W These bits select an output method for the TMOV pin by

the compare match of TCORB and TCNTV.
00: No change

01: 0 output

10: 1 output

11: Output toggles
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Initial
Bit Bit Name Value R/W Description
1 OS1 0 R/W Output Select 1 and 0
0 0S0 0 R/W These bits select an output method for the TMOV pin by

the compare match of TCORA and TCNTV.
00: No change

01: 0 output

10: 1 output

11: Output toggles

0OS3 and OS2 select the output level for compare match B. OS1 and OSO select the output level
for compare match A. The two output levels can be controlled independently. After areset, the
timer output is 0 until the first compare match.
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11.35 Timer Control Register V1 (TCRV1)

TCRV 1 selects the edge at the TRGV pin, enables TRGV input, and selects the clock input to

TCNTV.

Bit Bit Name

Initial
Value

R/W

Description

7105 —

All1

Reserved
These bits are always read as 1.

4 TVEG1
TVEGO

R/W
R/W

TRGV Input Edge Select

These bits select the TRGV input edge.

00: TRGV trigger input is prohibited

01: Rising edge is selected

10: Falling edge is selected

11: Rising and falling edges are both selected

2 TRGE

R/W

TCNT starts counting up by the input of the edge which
is selected by TVEG1 and TVEGO.

0: Disables starting counting-up TCNTV by the input of
the TRGV pin and halting counting-up TCNTV when
TCNTYV is cleared by a compare match.

1: Enables starting counting-up TCNTV by the input of
the TRGV pin and halting counting-up TCNTV when
TCNTV is cleared by a compare match.

Reserved
This bit is always read as 1.

0 ICKSO

R/W

Internal Clock Select 0

This bit selects clock signals to input to TCNTV in
combination with CKS2 to CKSO0 in TCRVO.

Refer to table 11.2.
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114  Operation

1141 Timer V Operation

1.

According to table 11.2, six internal/external clock signals output by prescaler S can be
selected asthe timer V operating clock signals. When the operating clock signal is selected,
TCNTV starts counting-up. Figure 11.2 shows the count timing with an internal clock signal
selected, and figure 11.3 shows the count timing with both edges of an external clock signal
selected.

When TCNTV overflows (changes from H'FF to H'00), the overflow flag (OVF) in TCRVO
will be set. Thetiming at thistimeis shown in figure 11.4. An interrupt request is sent to the
CPU when OVIEIin TCRVOis 1.

TCNTV is constantly compared with TCORA and TCORB. Compare match flag A or B
(CMFA or CMFB) is set to 1 when TCNTV matches TCORA or TCORB, respectively. The
compare-match signal is generated in the last state in which the values match. Figure 11.5
shows the timing. An interrupt request is generated for the CPU when CMIEA or CMIEB in
TCRVOis 1.

When a compare match A or B is generated, the TMOV responds with the output value
selected by the OS3 to OS0 bitsin TCSRV. Figure 11.6 shows the timing when the output is
toggled by compare match A.

When CCLR1 or CCLROin TCRVO0is01 or 10, TCNTV can be cleared by the corresponding
compare match. Figure 11.7 shows the timing.

When CCLR1 or CCLROin TCRVO0is 11, TCNTV can be cleared by therising edge of the
input of TMRIV pin. A TMRIV input pulse-width of at least 1.5 system clocks is necessary.
Figure 11.8 shows the timing.

When a counter-clearing source is generated with TRGE in TCRV 1 set to 1, the counting-up is
halted as soon as TCNTYV is cleared. TCNTV resumes counting-up when the edge selected by
TVEG1 or TVEGO in TCRV 1 isinput from the TGRV pin.

Rev. 2.00 Sep. 23, 2005 Page 142 of 444
REJ09B0068-0200 RENESAS



Section 11 Timer V

Internal clock —l\ «
)

TCNTV input

clock | | (( (( | |
)] )

( ((
TONTV N -1 X :(j N (j(j X N+1

; T

-(rlé\f(gr\r/wal clock | | () () I_

input pin) \‘
TCNTV input
clock | |

(( (
TCNTV N-—1 X [0 N X Z(’ N+1
)) )

Figure11.3 Increment Timing with External Clock

: [ I

TCNTV HFF - X H'00
Overflow signal | |

y
OVF

Figure11l.4 OVF Set Timing

Rev. 2.00 Sep. 23, 2005 Page 143 of 444
RENESAS REJ09B0068-0200




Section 11 Timer V
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signal
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Figure11.8 Clear Timing by TMRIV Input
115 Timer V Application Examples

1151  Pulse Output with Arbitrary Duty Cycle
Figure 11.9 shows an example of output of pulses with an arbitrary duty cycle.

1. Setthe CCLR1 and CCLRO bitsin TCRVO0 so that TCNTV will be cleared by compare match
with TCORA.

2. Setthe OS3to OSO hitsin TCSRV so that the output will go to 1 at compare match with
TCORA and to 0 at compare match with TCORB.

3. Set the CKS2 to CK S0 bitsin TCRV0 and the ICK S0 bit in TCRV 1 to select the desired clock
source.

4. With these settings, awaveform is output without further software intervention, with a period
determined by TCORA and a pulse width determined by TCORB.

TCNTV value

A
HFF

TCORA

TCORB

H'00

TMOV

Figure11.9 Pulse Output Example
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11.5.2  Pulse Output with Arbitrary Pulse Width and Delay from TRGV Input

The trigger function can be used to output a pulse with an arbitrary pulse width at an arbitrary
delay from the TRGV input, as shown in figure 11.10. To set up this output:

1.

Set the CCLR1 and CCLRO bitsin TCRVO0 so that TCNTV will be cleared by compare match
with TCORB.

Set the OS3 to OS0 bitsin TCSRV so that the output will go to 1 at compare match with
TCORA and to 0 at compare match with TCORB.

Set the TVEG1 and TVEGO bitsin TCRV 1 and set TRGE to select the falling edge of the
TRGV input.

Set the CKS2 to CK S0 bitsin TCRV0 and the ICK S0 bit in TCRV 1 to select the desired clock
source.

After these settings, a pulse waveform will be output without further software intervention,
with adelay determined by TCORA from the TRGV input, and a pulse width determined by
(TCORB — TCORA).

TCNTV value
A
HFF L e
TCORB [ ---mmmmmmmmmmmm oo oo s
TCORA  [ecmmemcmc e e e e e e e
H'00 > : » Time
TRGV | ,
TMOV « .
1 ) 1
Compare match A Compare match A !
Compare match B Compare match B
clears TCNTV and clears TCNTV and
halts count-up halts count-up

Figure11.10 Example of Pulse Output Synchronized to TRGV Input
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11.6  Usage Notes

The following types of contention or operation can occur in timer V operation.

1.

Writing to registersis performed in the T3 state of a TCNTV write cycle. If aTCNTV clear
signal is generated in the T3 state of a TCNTV write cycle, as shown in figure 11.11, clearing
takes precedence and the write to the counter is not carried out. If counting-up is generated in
the T3 state of a TCNTV write cycle, writing takes precedence.

If acompare match is generated in the T3 state of a TCORA or TCORB write cycle, the write
to TCORA or TCORB takes precedence and the compare match signal isinhibited. Figure
11.12 shows the timing.

If compare matches A and B occur simultaneously, any conflict between the output selections
for compare match A and compare match B is resolved by the following priority: toggle output
> output 1 > output 0.

Depending on the timing, TCNTV may be incremented by a switch between different internal
clock sources. When TCNTYV isinternally clocked, an increment pulseis generated from the
falling edge of an internal clock signal, that is divided system clock (¢). Therefore, as shown in
figure 11.3 the switch is from a high clock signal to alow clock signal, the switchover is seen
asafalling edge, causing TCNTV to increment. TCNTV can also be incremented by a switch
between internal and external clocks.

TCNTV write cycle by CPU
T4 To T3

> |le > >
-

0 I I I L
Address X TCNTV address X

Internal write signal | |
Counter clear signal | |

TCNTV N X H'00

Figure11.11 Contention between TCNTV Write and Clear
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TCORA write cycle by CPU
T4 To T3

I

Address >< TCORA address X
Internal write signal T

TCNTV N X N+ 1
TCORA N X /VM
I TCORA write data
Compare match signal ' 11\
\ Inhibited

Figure11.12 Contention between TCORA Write and Compare Match

Clock before
switching | |

Clock after
switching

Count clock |_| @
N

TCNTV N X N+1 X N+2 X

Write to CKS1 and CKS0

Figure11.13 Internal Clock Switchingand TCNTV Operation
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Section12 Timer Z

Thetimer Z has a 16-bit timer with two channels. Figures 12.1, 12.2, and 12.3 show the block
diagrams of entire timer Z, its channel 0, and its channel 1, respectively. For details on the timer Z
functions, refer to table 12.1.

12.1 Features

e Capability to process up to eight inputs/outputs
o Eight genera registers (GR): four registers for each channel
— Independently assignable output compare or input capture functions

e Selection of five counter clock sources: four internal clocks (¢, $/2, ¢/4, and ¢/8) and an
external clock

e Seven selectable operating modes
— Output compare function
Selection of 0 output, 1 output, or toggle output
— Input capture function
Rising edge, falling edge, or both edges
— Synchronous operation
Timer counters Oand _1 (TCNT_0Oand TCNT_1) can be written simultaneously.
Simultaneous clearing by compare match or input capture is possible.
— PWM mode
Up to six-phase PWM output can be provided with desired duty ratio.
— Reset synchronous PWM mode
Three-phase PWM output for normal and counter phases
— Complementary PWM mode
Three-phase PWM output for non-overlapped normal and counter phases
The A/D conversion start trigger can be set for PWM cycles.
— Buffer operation
The input capture register can be consisted of double buffers.
The output compare register can automatically be modified.
o High-speed access by the internal 16-bit bus
— 16-bit TCNT and GR registers can be accessed in high speed by a 16-bit bus interface
e Any initial timer output value can be set
e OQutput of the timer is disabled by externa trigger
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e Eleveninterrupt sources

— Four compare match/input capture interrupts and an overflow interrupt are available for
each channel. An underflow interrupt can be set for channel 1.

Table12.1 Timer Z Functions

Item

Channel 0

Channel 1

Count clock

Internal clocks: ¢, ¢/2, /4, ¢/8
External clock: FTIOAO (TCLK)

General registers
(output compare/input
capture registers)

GRA_0, GRB_0, GRC_0, GRD_0

GRA_1, GRB_1, GRC_1, GRD_1

Buffer register

GRC_0, GRD_0

GRC_1, GRD_1

I/0 pins

FTIOAO, FTIOBO, FTIOCO,
FTIODO

FTIOA1, FTIOB1, FTIOC1,
FTIOD1

Counter clearing function

Compare match/input capture of
GRA_0, GRB_0, GRC_O0, or
GRD_0

Compare match/input capture of
GRA_1, GRB_1, GRC_1, or
GRD_1

Compare Ooutput Yes Yes
match output 1 output Yes Yes
output Yes Yes
Input capture function Yes Yes
Synchronous operation Yes Yes
PWM mode Yes Yes
Reset synchronous PWM  Yes Yes
mode
Complementary PWM Yes Yes
mode
Buffer function Yes Yes

Interrupt sources

Compare match/input capture AO
to DO
Overflow

Compare match/input capture A1
to D1

Overflow

Underflow
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— ITMZ0

—> ITMZ1

FTIOAQ <—»
FTIOBO <—>
FTIOCO <~—>
FTIODO <—>

FTIOA1 <-—>» Control logic
FTIOB1 <+—»
FTIOC1 <—
FTIOD1 <-—>

¢, 0/2,
/4, 0/8

— ADTRG

TSTR TMDR

Channel 0 Channel 1 TPMR TECR
timer timer

< Module data bus >

TOER TOCR

[Legend]

TSTR: Timer start register (8 bits)

TMDR: Timer mode register (8 bits)

TPMR: Timer PWM mode register (8 bits)

TFCR: Timer function control register (8 bits)
TOER: Timer output master enable register (8 bits)
TOCR: Timer output control register (8 bits)

ADTRG: A/D conversion start trigger output signal
ITMZ0: Channel 0 interrupt
ITMZ1: Channel 1 interrupt

Figure12.1 Timer Z Block Diagram
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0, 0/2, ——
0/4, /8

Clock select

Comparator

Control logic

<—>» FTIOAO

<—» FTIOBO
<—» FTIOCO
<—» FTIODO

L » |TMZ0

[ONNINARNG]

TCNT_O
GRA_O
GRB_0
GRC_0

0000

—
—
—
—
—
—

GRD_0
TCR_O
TIORA_O
TIORC_0O
TSR_O
TIER_O

000

-

040

POCR_0

<

Module data bus

[Legend]
TCNT_O: Timer counter_0 (16 bits)
TCR_O: General registers A_0, B_0, C_0, and D_0 (input capture/output compare registers:

GRA_0, GRB_0: 16 bits x 4)

GRC_0, GRD_0: Timer control register_0 (8 bits)

TIORA_O: Timer 1/O control register A_0 (8 bits)

TIORC_O: Timer 1/O control register C_0 (8 bits)

TSR_O: Timer status register_0 (8 bits)

TIER_O: Timer interrupt enable register_0 (8 bits)
POCR_O: PWM mode output level control register_0 (8 bits)
ITMZO0 : Channel 0 interrupt

Figure12.2 Timer Z (Channe 0) Block Diagram
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«—> FTIOA1
0,02, <«—> FTIOB1
0/4, /8 Clock select <«—>» FTIOC1
’ «—> FTIOD1
Control logic
——» ITMZ1
Comparator
:‘ ;I ;I :)I ;\ ;| ;' :)' 7 ;I ;‘
|| cllc||c]|]|o AR 3
=t 0] 0] G} O] [ = = [ = Q
< Module data bus >
[Legend]
TCNT_1: Timer counter_1 (16 bits)

GRA_1, GRB_1: General registers A_1, B_1, C_1, and D_1 (input capture/output compare registers:
GRC_1, GRD_1: 16 bits x 4)

TCR_1: Timer control register_1 (8 bits)

TIORA_1: Timer 1/O control register A_1 (8 bits)

TIORC_1: Timer 1/O control register C_1 (8 bits)

TSR_1: Timer status register_1 (8 bits)

TIER_1: Timer interrupt enable register_1 (8 bits)
POCR_1: PWM mode output level control register_1 (8 bits)
ITMZ1 : Channel 1 interrupt

Figure12.3 Timer Z (Channd 1) Block Diagram
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12.2  Input/Output Pins
Table 12.2 summarizes the timer Z pins.

Table12.2 Pin Configuration

Name Abbreviation Input/Output  Function
Input capture/output  FTIOAO Input/output GRA_O0 output compare output, GRA_0
compare AO input capture input, or external clock
input (TCLK)
Input capture/output  FTIOBO Input/output GRB_0 output compare output, GRB_0
compare BO input capture input, or PWM output
Input capture/output  FTIOCO Input/output GRC_0 output compare output, GRC_0
compare CO input capture input, or PWM
synchronous output (in reset
synchronous PWM and complementary
PWM modes)
Input capture/output ~ FTIODO Input/output GRD_0 output compare output, GRD_0
compare DO input capture input, or PWM output
Input capture/output ~ FTIOA1 Input/output GRA_1 output compare output, GRA_1
compare A1 input capture input, or PWM output (in
reset synchronous PWM and
complementary PWM modes)
Input capture/output  FTIOBH1 Input/output GRB_1 output compare output, GRB_1
compare B1 input capture input, or PWM output
Input capture/output  FTIOCH Input/output GRC_1 output compare output, GRC_1
compare C1 input capture input, or PWM output
Input capture/output ~ FTIOD1 Input/output GRD_1 output compare output, GRD_1
compare D1 input capture input, or PWM output
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12.3  Register Descriptions

Thetimer Z hasthe following registers.

Common

Timer start register (TSTR)

Timer mode register (TMDR)

Timer PWM mode register (TPMR)

Timer function control register (TFCR)
Timer output master enable register (TOER)
Timer output control register (TOCR)

Channel 0

Timer control register 0 (TCR_0)

Timer 1/0O control register A_0 (TIORA_Q)
Timer 1/0O control register C_ 0 (TIORC_0)
Timer status register_ 0 (TSR_0)

Timer interrupt enable register_0 (TIER_0)
PWM mode output level control register_0 (POCR_0)
Timer counter_ 0 (TCNT_0)

General register A_0 (GRA_0)

General register B_0 (GRB_0)

General register C_ 0 (GRC_0)

General register D_0 (GRD_0)

Channel 1

Timer control register 1 (TCR_1)

Timer 1/0O control register A_1 (TIORA_1)

Timer 1/O control register C_1 (TIORC 1)

Timer status register 1 (TSR_1)

Timer interrupt enableregister_1 (TIER 1)

PWM mode output level control register_1 (POCR_1)
Timer counter_1 (TCNT_1)

General register A_1 (GRA_1)

General register B 1 (GRB_1)
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e General register C 1 (GRC 1)
o General register D_1 (GRD_1)

1231 Timer Start Register (TSTR)

TSTR selects the operation/stop for the TCNT counter.

Initial
Bit Bit Name Value R/W Description
7t02 — All 1 — Reserved
These bits are always read as 1, and cannot be
modified.
1 STR1 0 R/W Channel 1 Counter Start

0: TCNT_1 halts counting
1: TCNT_1 starts counting

0 STRO 0 R/W Channel 0 Counter Start
0: TCNT_O halts counting
1: TCNT_O starts counting

Rev. 2.00 Sep. 23, 2005 Page 156 of 444
REJ09B0068-0200 RENESAS



Section 12 Timer Z

12.3.2 Timer Mode Register (TMDR)

TMDR selects buffer operation settings and synchronized operation.
Initial

Bit Bit Name Value R/W Description

7 BFD1 0 R/W Buffer Operation D1

0: GRD_1 operates normally

1: GRB_1 and GRD_1 are used together for buffer
operation

6 BFCA1 0 R/W Buffer Operation C1
0: GRC_1 operates normally

1: GRA_1 and GRD_1 are used together for buffer
operation

5 BFDO 0 R/W Buffer Operation DO
0: GRD_0 operates normally

1: GRB_0 and GRD_0 are used together for buffer
operation

4 BFCO 0 R/W Buffer Operation CO
0: GRC_0 operates normally

1: GRA_0 and GRC_0 are used together for buffer
operation

3to1 — All 1 — Reserved

These bits are always read as 1, and cannot be
modified.

0 SYNC 0 R/W Timer Synchronization
0: TCNT_1 and TCNT_O operate as a different timer
1: TCNT_1 and TCNT_O are synchronized

TCNT_1 and TCNT_O can be pre-set or cleared
synchronously
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1233 Timer PWM Mode Register (TPMR)
TPMR sets the pin to enter PWM mode.

Initial
Bit Bit Name Value R/W Description

7 — 1 — Reserved

This bit is always read as 1, and cannot be modified.

6 PWMD1 0 R/W PWM Mode D1
0: FTIOD1 operates normally
1: FTIOD1 operates in PWM mode

5 PWMCH1 0 R/W PWM Mode C1
0: FTIOC1 operates normally
1: FTIOC1 operates in PWM mode

4 PWMB1 0 R/W PWM Mode B1
0: FTIOB1 operates normally
1: FTIOB1 operates in PWM mode

3 — 1 — Reserved
This bit is always read as 1, and cannot be modified.

2 PWMDO O R/W PWM Mode DO
0: FTIODO operates normally
1: FTIODO operates in PWM mode

1 PWMCO O R/W PWM Mode CO
0: FTIOCO operates normally
1: FTIOCO operates in PWM mode

0 PWMBO O R/W PWM Mode BO
0: FTIOBO operates normally
1: FTIOBO operates in PWM mode
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12.34 Timer Function Control Register (TFCR)

TFCR selects the settings and output levels for each operating mode.

Initial
Bit Bit Name Value R/W Description
7 — 1 — Reserved

This bit is always read as 1.
6 STCLK 0 R/W External Clock Input Select
0: External clock input is disabled

1: External clock input is enabled
5 ADEG 0 R/W A/D Trigger Edge Select

A/D module should be set to start an A/D conversion by
the external trigger

0: A/D trigger at the crest in complementary PWM mode

1: A/D trigger at the trough in complementary PWM
mode

4 ADTRG O R/W External Trigger Disable

0: A/D trigger for PWM cycles is disabled in
complementary PWM mode

1: A/D trigger for PWM cycles is enabled in
complementary PWM mode

3 OLSH1 0 R/W Output Level Select 1

Selects the counter-phase output levels in reset
synchronous PWM mode or complementary PWM
mode.

0: Initial output is high and the active level is low.
1: Initial output is low and the active level is high.
2 OLSO0 0 R/W Output Level Select 0

Selects the normal-phase output levels in reset
synchronous PWM mode or complementary PWM
mode.

0: Initial output is high and the active level is low.
1: Initial output is low and the active level is high.

Figure 12.4 shows an example of outputs in reset
synchronous PWM mode and complementary PWM
mode when OLS1 = 0 and OLSO0 = 0.
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Initial
Bit Bit Name Value R/W Description
1 CMD1 0 R/W Combination Mode 1 and 0
0 CMDO 0 R/W 00: Channel 0 and channel 1 operate normally

01: Channel 0 and channel 1 are used together to
operate in reset synchronous PWM mode

10: Channel 0 and channel 1 are used together to
operate in complementary PWM mode (transferred
at the trough)

11: Channel 0 and channel 1 are used together to
operate in complementary PWM mode (transferred
at the crest)

Note: When reset synchronous PWM mode or
complementary PWM mode is selected by these
bits, this setting has the priority to the settings for
PWM mode by each bit in TPMR. Stop TCNT_0
and TCNT_1 before making settings for reset
synchronous PWM mode or complementary
PWM mode.

TCNT 0
/ TCNT 1

—0

—O

Normal phase

Active level

Counter phase Initial |
output |

<+—>| Active level

Reset synchronous PWM mode

Active level

Normal phase : Active level
Counter phase ™ |nitial |
 output 1
P

Complementary PWM mode

Note: Write H'00 to TOCR to start initial outputs after stopping the counter.

Figure12.4 Example of Outputsin Reset Synchronous PWM Mode
and Complementary PWM Mode
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12.35 Timer Output Master Enable Register (TOER)

TOER enables/disables the outputs for channel 0 and channel 1. When WKP4 is selected for
inputs, if alow level signal isinput to WKP4, the bitsin TOER are set to 1 to disable the output

for timer Z.

Bit Bit Name

Initial
Value

R/W

Description

7 ED1

1

R/W

Master Enable D1

0: FTIOD1 pin output is enabled according to the TPMR,
TFCR, and TIORC_1 settings

1: FTIOD1 pin output is disabled regardless of the TPMR,
TFCR, and TIORC_1 settings (FTIOD1 pin is operated
as an /O port).

6 ECA

R/W

Master Enable C1
0: FTIOC1 pin output is enabled according to the TPMR,
TFCR, and TIORC_1 settings

1: FTIOC1 pin output is disabled regardless of the TPMR,
TFCR, and TIORC_1 settings (FTIOC1 pin is operated
as an /O port).

5 EB1

R/W

Master Enable B1

0: FTIOB1 pin output is enabled according to the TPMR,
TFCR, and TIORA_1 settings

1: FTIOB1 pin output is disabled regardless of the TPMR,
TFCR, and TIORA_1 settings (FTIOB1 pin is operated
as an /O port).

4 EA1

R/W

Master Enable A1

0: FTIOAT pin output is enabled according to the TPMR,
TFCR, and TIORA_1 settings

1: FTIOA1 pin output is disabled regardless of the TPMR,
TFCR, and TIORA_1 settings (FTIOA1 pin is operated
as an I/O port).

3 EDO

R/W

Master Enable DO

0: FTIODO pin output is enabled according to the TPMR,
TFCR, and TIORC_0 settings

1: FTIODO pin output is disabled regardless of the TPMR,
TFCR, and TIORC_O0 settings (FTIODO pin is operated
as an I/O port).
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Initial
Bit Bit Name Value

R/W

Description

2 ECO 1

R/W

Master Enable CO
0: FTIOCO pin output is enabled according to the
TPMR, TFCR, and TIORC_0 settings

1: FTIOCO pin output is disabled regardless of the
TPMR, TFCR, and TIORC_0 settings (FTIOCO pin is
operated as an I/O port).

1 EBO 1

R/W

Master Enable BO
0: FTIOBO pin output is enabled according to the
TPMR, TFCR, and TIORA_0 settings

1: FTIOBO pin output is disabled regardless of the
TPMR, TFCR, and TIORA_O settings (FTIOBO pin is
operated as an 1/O port).

0 EAO 1

R/W

Master Enable AO
0: FTIOAO pin output is enabled according to the
TPMR, TFCR, and TIORA_O settings

1: FTIOAO pin output is disabled regardless of the
TPMR, TFCR, and TIORA_O0 settings (FTIOAO pin is
operated as an I/O port).
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12.3.6  Timer Output Control Register (TOCR)

TOCR sdlectsthe initial outputs before the first occurrence of a compare match. Note that bits
OLS1 and OLS0 in TFCR set theseinitial outputs in reset synchronous PWM mode and
complementary PWM mode.

Initial
Bit Bit Name Value R/W Description
7 TOD1 0 R/W Output Level Select D1

0: 0 output at the FTIOD1 pin*

1: 1 output at the FTIOD1 pin*
6 TOC1 0 R/W Output Level Select C1

0: 0 output at the FTIOC1 pin*

1: 1 output at the FTIOC1 pin*
5 TOB1 0 R/W Output Level Select B1

0: 0 output at the FTIOB1 pin*

1: 1 output at the FTIOB1 pin*
4 TOA1 0 R/W Output Level Select A1

0: 0 output at the FTIOA1 pin*

1: 1 output at the FTIOA1 pin*
3 TODO 0 R/W Output Level Select DO

0: 0 output at the FTIODO pin*

1: 1 output at the FTIODO pin*
2 TOCO 0 R/W Output Level Select CO

0: 0 output at the FTIOCO pin*

1: 1 output at the FTIOCO pin*
1 TOBO 0 R/W Output Level Select BO

0: 0 output at the FTIOBO pin*

1: 1 output at the FTIOBO pin*
0 TOAO 0 R/W Output Level Select AO

0: 0 output at the FTIOAO pin*

1: 1 output at the FTIOAQ pin*
Note: * The change of the setting is immediately reflected in the output value.

Rev. 2.00 Sep. 23, 2005 Page 163 of 444
RENESAS REJ09B0068-0200



Section 12 Timer Z

12.3.7 Timer Counter (TCNT)

Thetimer Z hastwo TCNT counters (TCNT_0 and TCNT _1), one for each channel. The TCNT
counters are 16-bit readable/writable registers that increment/decrement according to input clocks.
Input clocks can be selected by bits TPSC2 to TPSCO in TCR. TCNTO and TCNT 1
increment/decrement in complementary PWM mode, while they only increment in other modes.

The TCNT counters areinitialized to H'0000 by compare matches with corresponding GRA, GRB,
GRC, or GRD, or input capturesto GRA, GRB, GRC, or GRD (counter clearing function). When
the TCNT counters overflow, an OVF flag in TSR for the corresponding channel is set to 1. When
TCNT _1 underflows, an UDF flagin TSR isset to 1. The TCNT counters cannot be accessed in 8-
bit units; they must always be accessed as a 16-bit unit.

12.3.8 General RegistersA, B, C, and D (GRA, GRB, GRC, and GRD)

GR are 16-hit registers. Timer Z has eight general registers (GR), four for each channel. The GR
registers are dual function 16-bit readable/writable registers, functioning as either output compare
or input capture registers. Functions can be switched by TIORA and TIORC.

Thevaluesin GR and TCNT are constantly compared with each other when the GR registers are
used as output compare registers. When the both values match, the IMFA to IMFD flagsin TSR
are set to 1. Compare match outputs can be selected by TIORA and TIORC.

When the GR registers are used as input capture registers, the TCNT value is stored after detecting
external signals. At this point, IMFA to IMFD flagsin the corresponding TSR are set to 1.
Detection edges for input capture signals can be selected by TIORA and TIORC.

When PWM mode, complementary PWM mode, or reset synchronous PWM mode is selected, the
valuesin TIORA and TIORC are ignored. Upon reset, the GR registers are set as output compare
registers (no output) and initialized to H'FFFF. The GR registers cannot be accessed in 8-bit units;
they must always be accessed as a 16-bit unit.
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12.39

Timer Control Register (TCR)

The TCRregisters select a TCNT counter clock, an edge when an external clock is selected, and
counter clearing sources. Timer Z has atotal of two TCR registers, one for each channel.

Bit

Initial
Bit Name value

R/W

Description

CCLR2
CCLR1
CCLRO

0
0
0

R/W
R/W
R/W

Counter Clear 2 to 0

000: Disables TCNT clearing

001: Clears TCNT by GRA compare match/input
capture*’

010: Clears TCNT by GRB compare match/input
capture*’

011: Synchronization clear; Clears TCNT in
synchronous
with counter clearing of the other channel's timer**

100: Disables TCNT clearing

101: Clears TCNT by GRC compare match/input
capture*’

110: Clears TCNT by GRD compare match/input
capture*’

111: Synchronization clear; Clears TCNT in
synchronous with counter clearing of the other
channel's timer*?

CKEG1
CKEGO

R/W
R/W

Clock Edge 1 and 0

00: Count at rising edge
01: Count at falling edge
1X: Count at both edges
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Initial
Bit Bit Name value R/W Description
2 TPSC2 O R/W Time Prescaler 2 to 0
TPSCAH 0 R/W 000: Internal clock: count by ¢
0 TPSCO O R/W 001: Internal clock: count by ¢/2

010: Internal clock: count by ¢/4
011: Internal clock: count by ¢/8
1XX: External clock: count by FTIOAQ (TCLK) pin input

Notes: 1. When GR functions as an output compare register, TCNT is cleared by compare match.
When GR functions as input capture, TCNT is cleared by input capture.

2. Synchronous operation is set by TMDR.

3. X:Don't care
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12.3.10 Timer I/O Control Register (TIORA and TIORC)

The TIOR registers control the general registers (GR). Timer Z has four TIOR registers
(TIORA_O, TIORA 1, TIORC 0, and TIORC 1), two for each channel. In PWM mode including
complementary PWM mode and reset synchronous PWM mode, the settings of TIOR are invalid.

(1) TIORA

TIORA selects whether GRA or GRB is used as an output compare register or an input capture
register. When an output compare register is selected, the output setting is selected. When an
input capture register is selected, an input edge of an input capture signal is selected. TIORA also
selects the function of FTIOA or FTIOB pin.

Initial
Bit Bit Name value R/W Description
7 — 1 — Reserved
This bit is always read as 1.
10B2 0 R/W I/O Control B2 to BO
I0B1 0 R/W GRB is an output compare register:
10B0O 0 R/W 000: Disables pin output by compare match
001: 0 output by GRB compare match
010: 1 output by GRB compare match
011: Toggle output by GRB compare match
GRB is an input capture register:
100: Input capture to GRB at the rising edge
101: Input capture to GRB at the falling edge
11X: Input capture to GRB at both rising and falling
edges
3 — 1 — Reserved

This bit is always read as 1.
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Initial
Bit Bit Name value R/W Description
2 I0A2 0 R/W I/O Control A2 to AO
I0A1 0 R/W GRA is an output compare register:
0 I0A0 0 R/W 000: Disables pin output by compare match

001: 0 output by GRA compare match

010: 1 output by GRA compare match

011: Toggle output by GRA compare match
GRA is an input capture register:

100: Input capture to GRA at the rising edge
101: Input capture to GRA at the falling edge

11X: Input capture to GRA at both rising and falling
edges

Legend: X: Don't care
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(2 TIORC

TIORC selects whether GRC or GRD is used as an output compare register or an input capture
register. When an output compare register is selected, the output setting is selected. When an
input capture register is selected, an input edge of an input capture signal is selected. TIORC also
selects the function of FTIOC or FTIOD pin.

Initial
Bit Bit Name value R/W Description
7 — 1 — Reserved
This bit is always read as 1.
I0D2 0 R/W I/O Control D2 to DO
10DA1 0 R/W GRD is an output compare register:
I0D0 0 R/W 000: Disables pin output by compare match
001: 0 output by GRD compare match
010: 1 output by GRD compare match
011: Toggle output by GRD compare match
GRD is an input capture register:
100: Input capture to GRD at the rising edge
101: Input capture to GRD at the falling edge
11X: Input capture to GRD at both rising and falling
edges
3 — 1 — Reserved
This bit is always read as 1.
2 10C2 0 R/W I/O Control C2 to CO
10CAH 0 R/W GRC is an output compare register:
0 10C0 0 R/W 000: Disables pin output by compare match

001: 0 output by GRC compare match

010: 1 output by GRC compare match

011: Toggle Output by GRC compare match
GRC is an input capture register:

100: Input capture to GRC at the rising edge
101: Input capture to GRC at the falling edge

11X: Input capture to GRC at both rising and falling
edges

Legend: X: Don't care
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12311 Timer StatusRegister (TSR)

TSR indicates generation of an overflow/underflow of TCNT and a compare match/input capture
of GRA, GRB, GRC, and GRD. Theseflags are interrupt sources. If an interrupt isenabled by a
corresponding bit in TIER, TSR requests an interrupt for the CPU. Timer Z hastwo TSR registers,
one for each channel.

Initial
Bit Bit Name value R/W Description
7,6 — All 1 — Reserved
These bits are always read as 1.
5 UDF* 0 R/W Underflow Flag

[Setting condition]

When TCNT_1 underflows

[Clearing condition]

When 0 is written to UDF after reading UDF = 1

4 OVF 0 R/W Overflow Flag
[Setting condition]
e When the TCNT value underflows
[Clearing condition]
When 0 is written to OVF after reading OVF =1

3 IMFD 0 R/W Input Capture/Compare Match Flag D

[Setting conditions]

When TCNT = GRD and GRD is functioning as output
compare register

When TCNT value is transferred to GRD by input
capture signal and GRD is functioning as input
capture register

[Clearing condition]

When 0 is written to IMFD after reading IMFD = 1
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Initial
Bit Bit Name value R/W Description
2 IMFC 0 R/W Input Capture/Compare Match Flag C
[Setting conditions]
e When TCNT = GRC and GRC is functioning as
output compare register
e When TCNT value is transferred to GRC by input
capture signal and GRC is functioning as input
capture register
[Clearing condition]
e When 0 is written to IMFC after reading IMFC = 1
1 IMFB 0 R/W Input Capture/Compare Match Flag B
[Setting conditions]
e When TCNT = GRB and GRB is functioning as
output compare register
o When TCNT value is transferred to GRB by input
capture signal and GRB is functioning as input
capture register
[Clearing condition]
When 0 is written to IMFB after reading IMFB = 1
0 IMFA 0 R/W Input Capture/Compare Match Flag A
[Setting conditions]
e When TCNT = GRA and GRA is functioning as
output compare register
e When TCNT value is transferred to GRA by input
capture signal and GRA is functioning as input
capture register
[Clearing condition]
When 0 is written to IMFA after reading IMFA = 1
Note: Bit 5 is not the UDF flag in TSR_O. It is a reserved bit. It is always read as 1.
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12.3.12 Timer Interrupt Enable Register (TIER)

TIER enables or disables interrupt requests for overflow or GR compare match/input capture.
Timer Z hastwo TIER registers, one for each channel.

Initial
Bit Bit Name value R/W Description
7t05 — All 1 — Reserved
These bits are always read as 1.
4 OVIE 0 R/W Overflow Interrupt Enable
0: Interrupt requests (OVI) by OVF or UDF flag are
disabled
1: Interrupt requests (OVI) by OVF or UDF flag are
enabled
3 IMIED 0 R/W Input Capture/Compare Match Interrupt Enable D

0: Interrupt requests (IMID) by IMFD flag are disabled
1: Interrupt requests (IMID) by IMFD flag are enabled

2 IMIEC 0 R/W Input Capture/Compare Match Interrupt Enable C
0: Interrupt requests (IMIC) by IMFC flag are disabled
1: Interrupt requests (IMIC) by IMFC flag are enabled

1 IMIEB 0 R/W Input Capture/Compare Match Interrupt Enable B
0: Interrupt requests (IMIB) by IMFB flag are disabled
1: Interrupt requests (IMIB) by IMFB flag are enabled

0 IMIEA 0 R/W Input Capture/Compare Match Interrupt Enable A
0: Interrupt requests (IMIA) by IMFA flag are disabled
1: Interrupt requests (IMIA) by IMFA flag are enabled
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12.3.13 PWM Mode Output Level Control Register (POCR)

POCR control the active level in PWM mode. Timer Z has two POCR registers, one for each
channel.

Initial
Bit Bit Name value R/W Description
7t03 — All 1 — Reserved
These bits are always read as 1.
2 POLD 0 R/W PWM Mode Output Level Control D

0: The output level of FTIOD is low-active

1: The output level of FTIOD is high-active
1 POLC 0 R/W PWM Mode Output Level Control C

0: The output level of FTIOC is low-active

1: The output level of FTIOC is high-active
0 POLB 0 R/W PWM Mode Output Level Control B
0: The output level of FTIOB is low-active

1: The output level of FTIOB is high-active
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12.3.14 Interfacewith CPU

1. 16-hit register
TCNT and GR are 16-hit registers. Reading/writing in a 16-bit unit is enabled but disabled in
an 8-bit unit since the data bus with the CPU is 16-bit width. These registers must aways be
accessed in a 16-bit unit. Figure 12.5 shows an example of accessing the 16-bit registers.

Internal data bus

c <H—> %
o—

Bus interface Module data bus

| TCNTH | TCNTL |

Figure12.5 Accessing Operation of 16-Bit Register (between CPU and TCNT (16 bits))

2. 8-hit register
Registers other than TCNT and GR are 8-bit registers that are connected internally with the
CPU in an 8-bit width. Figure 12.6 shows an example of accessing the 8-bit registers.

Internal data bus

c <S—>
—=

Bus interface Module data bus

T
| tstR |

TSTR

Figure12.6 Accessing Operation of 8-Bit Register (between CPU and TSTR (8 bits))
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124  Operation

1241 Counter Operation

When one of bits STRO and STR1in TSTRis set to 1, the TCNT counter for the corresponding
channel begins counting. TCNT can operate as a free-running counter, periodic counter, for
example. Figure 12.7 shows an example of the counter operation setting procedure.

[1] Select the counter

- - clock with bits
( Operation selection ) TPSC2 to TPSCO in
| TCR. When an external clock
| Select counter clock | (1] is selected, select the external

clock edge with bits CKEG1
and CKEGO in TCR.
[2] For periodic counter
( Periodic counter ) ( Free-running counter ) operation, select the TCNT
clearing source with bits
CCLR2 to CCLRO in TCR.
| Select counter clearing source | [2] [3] Designate the general
| register selected in [2] as an
output compare register by
| Select output compare register | [3] means of TIOR.
[4] Set the periodic counter
| cycle in the general register

. selected in [2].
Set period (4] [5] Setthe STR bitin TSTR
| to 1 to start the counter
l operation.
Start count operation [5]

Figure12.7 Example of Counter Operation Setting Procedure
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1. Free-running count operation and periodic count operation
Immediately after areset, the TCNT counters for channels 0 and 1 are all designated as free-
running counters. When the relevant bit in TSTR is set to 1, the corresponding TCNT counter
starts an increment operation as a free-running counter. When TCNT overflows, the OVF flag
in TSR is set to 1. If the value of the OVIE hit in the corresponding TIER is 1 at this point,
timer Z requests an interrupt. After overflow, TCNT starts an increment operation again from
H'0000.

Figure 12.8 illustrates free-running counter operation.

TCNT value
A

HFFFF

H'0000

Time

STRO, E E
STR1 !

OVF

C
)

Figure12.8 Free-Running Counter Operation

When compare match is selected asthe TCNT clearing source, the TCNT counter for the relevant
channel performs periodic count operation. The GR registers for setting the period are designated
as output compare registers, and counter clearing by compare match is selected by means of bits
CCLR1 and CCLRO in TCR. After the settings have been made, TCNT starts an increment
operation as a periodic counter when the corresponding bit in TSTR is set to 1. When the count
value matches the value in GR, the IMFA, IMFB, IMFC, or IMFD flagin TSR isset to 1 and
TCNT iscleared to H'0000.

If the value of the corresponding IMIEA, IMIEB, IMIEC, or IMIED bitin TIER is 1 at this point,
the timer Z requests an interrupt. After acompare match, TCNT starts an increment operation
again from H'0000.
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Figure 12.9 illustrates periodic counter operation.

TCNT value

A Counter cleared by GR compare match

GR value
H'0000 Time
STR - : 5
—
IMF L —

Figure12.9 Periodic Counter Operation

2. TCNT count timing
A. Internal clock operation

A system clock (¢) or three types of clocks (¢/2, ¢/4, or ¢/8) that divides the system clock
can be selected by bits TPSC2 to TPSCO in TCR.

Figure 12.10 illustrates this timing.

Internal clock _l | 45 |
TCNT input 4,_|—5 | l
ll llll
TCNT N-1 ><:: N X N+1

Figure12.10 Count Timing at Internal Clock Operation
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B. External clock operation
An external clock input pin (TCLK) can be selected by bits TPSC2 to TPSCO in TCR, and
a detection edge can be selected by bits CKEG1 and CKEGO. To detect an external clock,
therising edge, falling edge, or both edges can be selected. The pulse width of the external
clock needs two or more system clocks. Note that an external clock does not operate
correctly with the lower pulse width.

Figure 12.11 illustrates the detection timing of the rising and falling edges.

External clock input pin —l I ‘,‘r—L
{
TCNT input | |

) )
TCNT N-1 X N X N+1

Figure12.11 Count Timing at External Clock Operation (Both Edges Detected)
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12.4.2  Waveform Output by Compare Match

Timer Z can perform 0, 1, or toggle output from the corresponding FTIOA, FTIOB, FTIOC, or
FTIOD output pin using compare match A, B, C, or D.

Figure 12.12 shows an example of the setting procedure for waveform output by compare match.

[1] Select 0 output, 1 output, or toggle
output as a compare much output, by
means of TIOR. The initial values set in

| Select waveform output mode | [1] TOCR are output unit the first compare
[ match occurs.
. [2] Set the timing for compare match
| Set output timing | 2] generation in GRA/GRB/GRC/GRD.
| [3] Enable or disable the timer output by
TOER.
| Enable waveform output | 8] 4] Setthe STRbitin TSTRto 1 to start the
| TCNT count operation.

| Start count operation | [4]

v

<Waveform output>

Figure12.12 Example of Setting Procedure for Waveform Output by Compare Match
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1. Examples of waveform output operation
Figure 12.13 shows an example of 0 output/1 output.

In this example, TCNT has been designated as a free-running counter, and settings have been
made such that 0 is output by compare match A, and 1 is output by compare match B. When
the set level and the pin level coincide, the pin level does not change.

TCNT value
A
HFFFF oo mm s m s oo oo
............ R O A D N A
H0000 : : : » Time
; : VA AR
: ! / ! N
FTIOB i 1 Nochange ' No change
FTIOA ' No change | No change
/4 /4
_/ _/

Figure 12.13 Example of 0 Output/1 Output Operation
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Figure 12.14 shows an example of toggle output.
In this example, TCNT has been designated as a periodic counter (with counter clearing on
compare match B), and settings have been made such that the output is toggled by both

compare match A and compare match B.

GRB

GRA

H'0000

FTIOB

FTIOA

4

TCNT value

Toggle output

Toggle output

Figure12.14 Example of Toggle Output Operation
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2. Output compare timing
The compare match signal is generated in the last statein which TCNT and GR match (when
TCNT changes from the matching value to the next value). When the compare match signal is
generated, the output value selected in TIOR is output at the compare match output pin
(FTIOA, FTIOB, FTIOC, or FTIOD). When TCNT matches GR, the compare match signal is
generated only after the next TCNT input clock pulseisinput.

Figure 12.15 shows an example of the output compare timing.

S [ A
TCNT input | |

TCNT N X N+1
GR N
Compare match I_l
signal
FTIOA to FTIOD X

Figure12.15 Output Compare Timing
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12.4.3  Input Capture Function

The TCNT value can be transferred to GR on detection of the input edge of the input
capture/output compare pin (FTIOA, FTIOB, FTIOC, or FTIOD). Rising edge, falling edge, or
both edges can be selected as the detected edge. When the input capture function is used, the pulse
width or period can be measured.

Figure 12.16 shows an example of the input capture operation setting procedure.

C Input selection ) [1] Designate GR as an input capture
register by means of TIOR, and select
| rising edge, falling edge, or both edges
Select input edge of ] as the input edge of the input capture
input capture signal.

| [2] Setthe STR bitin TSTR to 1 to start the
TCNT counter operation.

Start counter operation [2]

v

<Input capture operation>

Figure12.16 Example of Input Capture Operation Setting Procedure
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1. Example of input capture operation
Figure 12.17 shows an example of input capture operation.

In this example, both rising and falling edges have been selected as the FTIOA pin input
capture input edge, the falling edge has been selected as the FTIOB pin input capture input
edge, and counter clearing by GRB input capture has been designated for TCNT.

TCNT value Counter cleared by FTIOB input (rising edge)

A Y

H'O180 oo o oo oo m oo Y
0 4 S

H'0005
H'0000

FTIOB ! +

FTIOA A

GRA ! X H'0005 X H0160 :X
GRB >< X H'0180

Figure12.17 Example of Input Capture Operation
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2.

Input capture signal timing

Input capture on the rising edge, falling edge, or both edges can be selected through settingsin
TIOR. Figure 12.18 shows the timing when the rising edge is sel ected. The pulse width of the
input capture signal must be at least two system clock (¢) cycles.

e MMM rmrir

[({
Input capture input |
Input capture signal | | «

TCNT N

o X w
I
)

Figure12.18 Input Capture Signal Timing
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12.4.4  Synchronous Operation

In synchronous operation, the values in anumber of TCNT counters can be rewritten

simultaneously (synchronous presetting). Also, anumber of TCNT counters can be cleared

simultaneously by making the appropriate setting in TCR (synchronous clearing). Synchronous
operation enables GR to be increased with respect to a single time base.

Figure 12.19 shows an example of the synchronous operation setting procedure.

Synchronous operation
selection
|

Set synchronous 1
operation (1]

CSynchronous presetting) C Synchronous clearing )

Clearing
source generation
channel?

| Set TCNT | [2]

Select counter
clearing source

Select counter
clearing source

Start counter operation

Start counter operation

Y l

<Synchronous presetting> <Counter clearing>

[1] Setthe SYNC bits in TMDR to 1.

l

<Synchronous clearing>

[2] When a value is written to either of the TCNT counters, the same value is simultaneously written to the

other TCNT counter.

[3] Set bits CCLR1 and CCLRO in TCR to specify counter clearing by compare match/input capture.
[4] Set bits CCLR1 and CCLRO in TCR to designate synchronous clearing for the counter clearing source.

[5] Set the STR bitin TSTR to 1 to start the count operation.

4]

(5]

Figure12.19 Example of Synchronous Operation Setting Procedure
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Figure 12.20 shows an example of synchronous operation. In this example, synchronous operation
has been selected, FTIOBO and FTIOB1 have been designated for PWM mode, GRA 0 compare
match has been set as the channel 0 counter clearing source, and synchronous clearing has been set
for the channel 1 counter clearing source. In addition, the same input clock has been set asthe
counter input clock for channel 0 and channel 1. Two-phase PWM waveforms are output from
pins FTIOBO and FTIOB1. At thistime, synchronous presetting and synchronous operation by
GRA_0 compare match are performed by TCNT counters.

For details on PWM mode, see section 12.4.5, PWM Mode.

TCNT values
A

Synchronous clearing by GRA_0 compare match

GRA_O

GRA_1

GRB_0

GRB_1
H'0000

Time

FTIOBO

FTIOB1 |

Figure 12.20 Example of Synchronous Operation

1245 PWM Mode

In PWM mode, PWM waveforms are output from the FTIOB, FTIOC, and FTIOD output pins
with GRA as acycleregister and GRB, GRC, and GRD as duty registers. Theinitial output level
of the corresponding pin depends on the setting values of TOCR and POCR. Table 12.3 shows an
example of theinitia output level of the FTIOBO pin.

The output level is determined by the POLB to POLD bits corresponding to POCR. When POLB
is 0, the FTIOB output pinisset to 0 by compare match B and set to 1 by compare match A.
When POLB is 1, the FTIOB output pin is set to 1 by compare match B and cleared to 0 by
compare match A. In PWM mode, maximum 6-phase PWM outputs are possible.

Figure 12.21 shows an example of the PWM mode setting procedure.
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Table12.3 Initial Output Level of FTIOBO Pin

TOBO POLB Initial Output Level
0 0 1

0 1 0

1 0 0

1 1 1

PWM mode

Select counter clock

Select counter clearing source

Set PWM mode

Set initial output level

Select output level

Set GR

Enable waveform output

Start counter operation

:

<PWM mode>

1

[2]

(3]

[4]

(5]
[6]
(71

18]

Select the counter clock with bits TPSC2
to TOSCO in TCR. When an external
clock is selected, select the external
clock edge with bits CKEG1 and CKEGO
in TCR.

Use bits CCLR1 and CCLRO in TCR to
select the counter clearing source.
Select the PWM mode with bits PWMBO
to PWMDO and PWMB1 to PWMD1 in
TPMR.

Set the initial output value with bits
TOBO to TODO and TOB1 to TOD1 in
TOCR.

Set the output level with bits POLB to
POLD in POCR.

Set the cycle in GRA, and set the duty in
the other GR.

Enable or disable the timer output by
TOER.

Set the STR bitin TSTR to 1 and start
the counter operation.

Figure12.21 Example of PWM M ode Setting Procedure
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Figure 12.22 shows an example of operation in PWM mode. The output signalsgoto 1 and TCNT
isreset at compare match A, and the output signals go to 0 at compare match B, C, and D (TOB,
TOC, and TOD =0, POLB, POLC, and POLD = 0).

TCNT value
A

GRA  fe-mmmmeemeeeee
GRB  |---emmeeeeeeoaees
GRC  |--meeee e -
GRD Fo A
H'0000 .
FTIOB Lo
FTIOC 5
FTIOD |

Counter cleared by GRA compare match

-

-

Figure12.22 Example of PWM M ode Operation (1)

RENESAS
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Figure 12.23 shows another example of operation in PWM mode. The output signals go to 0 and
TCNT isreset at compare match A, and the output signals go to 1 at compare match B, C, and D
(TOB, TOC, and TOD =0, POLB, POLC, and POLD = 1).

Counter cleared by GRA compare match

TCNT value

GRA

GRB

GRC

GRD
H'0000

FTIOB

FTIOC

FTIOD

A

Figure 12.23 Example of PWM M ode Operation (2)

Figures 12.24 (when TOB, TOC, and TOD = 0, POLB, POLC, and POLD = 0) and 12.25 (when
TOB, TOC, and TOD =0, POLB, POLC, and POLD = 1) show examples of the output of PWM
waveforms with duty cycles of 0% and 100% in PWM mode.
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GRA

GRB

H'0000

FTIOB

GRA

GRB

H'0000

FTIOB

GRA

GRB

H'0000

FTIOB

Time

GRB rewritten

Time

TCNT value GRB rewritten
A O :
E GRB re¢written E
0% duty |
When cycle register and duty register compare matches
occur simultaneously, duty register compare match has
TCNT value priority.
A GRB rewritten
C:> E GRB rewritten
H | GRB rewrit O
5 100% duty
When cycle register and duty register compare matches
occur simultaneously, duty register compare match has
priority.
TCNT value
A GRB-CreDWHtten | GRB rewritten E
, 100% duty 0% duty

Figure12.24 Example of PWM M ode Operation (3)
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Time

GRB rewritten

Time

TCNT value GRB rewritten
A O :
GRA |- il Hetieieiie i S i i
GRB g O """ A
' GRB rewritten !
H'0000 T t T >
FTIOB 0% duty | |
When cycle register and duty register compare matches
TCNT value occur simultaneously, duty register compare match has
GRB rewritten priority.
A
GRA  f------- O T T
i ' GRB rewritten
' 'GRBrewritteth | 00 U1
GRB ! Oy !
H'0000 T t T >
ETIOB E 100% duty |
When cycle register and duty register compare matches
occur simultaneously, duty register compare match has
priority.
TCNT value
A GRB rewritten " GRB rewritten .
GRA  f------- O------- - E  CELCET LTSy CEEP LR LR LR EE Yt ---
GRB :
H'0000 : >
FTIOB 100% dUty 0% duty

Figure12.25 Example of PWM M ode Operation (4)
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12.4.6 Reset Synchronous PWM Mode

Three normal- and counter-phase PWM waveforms are output by combining channels 0 and 1 that
one of changing points of waveforms will be common.

In reset synchronous PWM mode, the FTIOBO to FTIODO and FTIOA1 to FTIOD1 pins become
PWM-output pins automatically. TCNT_0 performs an increment operation. Tables 12.4 and
12.5 show the PWM-output pins used and the register settings, respectively.

Figure 12.26 shows the example of reset synchronous PWM mode setting procedure.

Table12.4 Output Pinsin Reset Synchronous PWM Mode

Channel Pin Name Input/Output Pin Function

0 FTIOCO Output Toggle output in synchronous with PWM cycle

0 FTIOBO Output PWM output 1

0 FTIODO Output PWM output 1 (counter-phase waveform of PWM
output 1)

1 FTIOA1 Output PWM output 2

1 FTIOCH Output PWM output 2 (counter-phase waveform of PWM
output 2)

1 FTIOB1 Output PWM output 3

1 FTIOD1 Output PWM output 3 (counter-phase waveform of PWM
output 3)

Table12.5 Register Settingsin Reset Synchronous PWM Mode

Register Description
TCNT_O Initial setting of H'0000
TCNT_A Not used (independently operates)

GRA_O Sets counter cycle of TCNT_O

GRB_0 Set a changing point of the PWM waveform output from pins FTIOBO and FTIODO.
GRA_1 Set a changing point of the PWM waveform output from pins FTIOA1 and FTIOC1.
GRB_1 Set a changing point of the PWM waveform output from pins FTIOB1 and FTIOD1.
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Geset synchronous PWM modeD

Stop counter operation

[

Select counter clock

[2]

Select counter clearing source

[3]

Set reset synchronous PWM mode

[4]

Initialize the output pin

[5]

Set TCNT

[6]

Set GR

[7]

Enable waveform output

[8]

Start counter operation

[9]

|

<Reset synchronous PWM mode>

[2]

[3]

[4]

[5]
[6]

[7]

[8]
[9]

Clear bit STRO in TSTR to 0 and stop the
counter operation of TCNT_0. Set reset
synchronous PWM mode after TCNT_0
stops.

Select the counter clock with bits TPSC2
to TOSCO in TCR. When an external
clock is selected, select the external clock
edge with bits CKEG1 and CKEGO in
TCR.

Use bits CCLR1 and CCLRO in TCR to
select counter clearing source GRA_O.
Select the reset synchronous PWM mode
with bits CMD1 and CMDO in TFCR.
FTIOBO to FTIODO and FTIOAT to
FTIOD1 become PWM output pins
automatically.

Set H'00 to TOCR.

Set TCNT_0 as H'0000. TCNT1 does not
need to be set.

GRA_O is a cycle register. Set a cycle for
GRA_0. Set the changing point timing of
the PWM output waveform for GRB_O,
GRA_1, and GRB_1.

Enable or disable the timer output by
TOER.

Set the STR bit in TSTR to 1 and start the
counter operation.

Figure12.26 Example of Reset Synchronous PWM M ode Setting Procedure
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Figures 12.27 and 12.28 show examples of operation in reset synchronous PWM mode.

Counter cleared by GRA compare match

TCNT value
A

GRAQ  frmmmmmmmm e
GRB_O  fe-ce-mmmeoe- S S S N
GRAA oo L R R R S O B
R R R B i TP R B R e B
H'0000 A oo S > Time
FTIOBO T : — ¥ — ¥ ;

FTIODO : : ! : : ! : : !

FTIOAl =~ ——— : ! : ! —
FTIOC1 ~ ———— — — —
FTIOB1 ~— —— — — —
FTIOD1 ~— —— — — —
FTIOCO

Figure12.27 Example of Reset Synchronous PWM Mode Operation (OLS0=0LS1=1)
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Counter cleared by GRA compare match

TCNT value

GRA_O

GRB_0

GRA_1

GRB_1

A

H'0000

FTIOBO
FTIODO

FTIOA1 !
FTIOC1 5 | :

FTIOB1

FTIOD1

FTIOCO

Figure12.28 Example of Reset Synchronous PWM Mode Operation (OLS0=OLS1 =0)

In reset synchronous PWM mode, TCNT_0 and TCNT _1 perform increment and independent
operations, respectively. However, GRA_1 and GRB_1 are separated from TCNT_1. When a
compare match occurs between TCNT_0 and GRA_0, a counter is cleared and an increment
operation is restarted from H'0000.

The PWM pin outputs 0 or 1 whenever a compare match between GRB_0, GRA 1, GRB_1 and
TCNT_O or counter clearing occur.

For details on operations when reset synchronous PWM mode and buffer operation are
simultaneously set, refer to section 12.4.8, Buffer Operation.
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12.4.7

Complementary PWM Mode

Three PWM waveforms for non-overlapped normal and counter phases are output by combining
channels0 and 1.

In complementary PWM mode, the FTIOBO to FTIODO and FTIOA1 to FTIOD1 pins become
PWM-output pins automatically. TCNT_0 and TCNT_1 perform an increment or decrement
operation. Tables 12.6 and 12.7 show the output pins and register settings in complementary PWM
mode, respectively.

Figure 12.29 shows the example of complementary PWM mode setting procedure.

Table12.6 Output Pinsin Complementary PWM Mode

Channel Pin Name Input/Output Pin Function

0 FTIOCO Output Toggle output in synchronous with PWM cycle

0 FTIOBO Output PWM output 1

0 FTIODO Output PWM output 1 (counter-phase waveform non-
overlapped with PWM output 1)

1 FTIOA1 Output PWM output 2

1 FTIOC1 Output PWM output 2 (counter-phase waveform non-
overlapped with PWM output 2)

1 FTIOB1 Output PWM output 3

1 FTIOD1 Output PWM output 3 (counter-phase waveform non-

overlapped with PWM output 3)
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Table12.7 Register Settingsin Complementary PWM Mode

Register Description

TCNT_O Initial setting of non-overlapped periods (non-overlapped periods are differences
with TCNT_1)

TCNT_1 Initial setting of H'0000

GRA_O Sets (upper limit value — 1) of TCNT_O

GRB_0 Set a changing point of the PWM waveform output from pins FTIOBO and
FTIODO.

GRA_1 Set a changing point of the PWM waveform output from pins FTIOA1 and
FTIOCH.

GRB_1 Set a changing point of the PWM waveform output from pins FTIOB1 and
FTIOD1.
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(Complementary PWM mode}

Stop counter operation

| Initialize output pin

| Select counter clock

Set complementary
PWM mode

Initialize output pin

| Set TCNT

| Set GR

Enable waveform output

Start counter operation

<Complementary PWM mode>

(]

2]
(3]

(4]

5]
(6]

(7]

(8]
9]

Clear bits STR0 and STR1in TSTR to 0, and
stop the counter operation of TCNT_0. Stop
TCNT_0 and TCNT_1 and set complementary
PWM mode.

Write H'00 to TOCR.

Use bits TPSC2 to TPSCO in TCR to select the
same counter clock for channels 0 and 1. When
an external clock is selected, select the edge of
the external clock by bits CKEG1 and CKEGO in
TCR. Do not use bits CCLR1 and CCLRO in
TCR to clear the counter.

Use bits CMD1 and CMDO in TFCR to set
complementary PWM mode. FTIOBO to FTIODO
and FTIOAT1 to FTIOD1 automatically become
PWM output pins.

Set H'00 to TOCR.

TCNT_1 must be H'0000. Set a non-overlapped
period to TCNT_O.

GRA_O0 is a cycle register. Set the cycle to
GRA_0. Set the timing to change the PWM
output waveform to GRB_0, GRA_1, and
GRB_1. Note that the timing must be set within
the range of compare match carried out for
TCNT_0 and TCNT_1.

For GR settings, see 3. Setting GR Value in
Complementary PWM Mode in section 12.4.7.
Use TOER to enable or disable the timer output.
Set the STRO and STR1 bits in TSTR to 1 to
start the count operation.

Note:  To re-enter complementary PWM mode, first, enter a mode other than the complementary
PWM mode. After that, repeat the setting procedures from step [1].
For settings of waveform outputs with a duty cycle of 0% and 100%, see the settings shown
in 2. Examples of Complementary PWM Mode Operation and 3. Setting GR Value in
Complementary PWM Mode in section 12.4.7.

Figure12.29 Example of Complementary PWM M ode Setting Procedure
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1. Canceling Procedure of Complementary PWM Mode: Figure 12.30 shows the complementary
PWM mode canceling procedure.

Complementary PWM mode [1] Clear bit CMD1 in TFCR to 0, and set
channels 0 and 1 to normal operation.
| [2] After setting channels 0 and 1 to normal

operation, clear bits STRO and STR1 in
Stop counter operation [1] TSTR to 0 and stop TCNTO and TCNT1.
Cancel complementary 2]
PWM mode

<Normal operation>

Figure12.30 Canceling Procedure of Complementary PWM Mode

2. Examples of Complementary PWM Mode Operation: Figure 12.31 shows an example of
complementary PWM mode operation. In complementary PWM mode, TCNT_Oand TCNT_1
perform an increment or decrement operation. When TCNT_0 and GRA_0 are compared and
their contents match, the counter is decremented, and when TCNT _1 underflows, the counter
isincremented. In GRA_0, GRA_1, and GRB_1, compare match is carried out in the order of
TCNT_0— TCNT_1— TCNT_1 — TCNT_0 and PWM waveform is output, during one
cycle of aup/down counter. In this mode, the initial setting will be TCNT_0>TCNT_1.
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pared and their contents match

TCNT_0 and GRA_O are com

Time

»

TCNT values
H'0000
FTIOBO
FTIODO
FTIOA1
FTIOC1

REJ09B0068-0200
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Figure 12.32 (1) and (2) show examples of PWM waveform output with 0% duty and 100% duty
in complementary PWM mode (for one phase).

e TPSC2=TPSC1=TPSCO0=0
Set GRB_0 to H'0000 or avaue equal to or more than GRA_0. The waveform with a duty
cycle of 0% and 100% can be output. When buffer operation is used together, the duty cycles
can easily be changed, including the above settings, during operation. For details on buffer
operation, refer to section 12.4.8, Buffer Operation.

e Other than TPSC2 =TPSC1=TPSC0=0
Set GRB_0 to satisfy the following expression: GRA_0+1 < GRB_0 < H'FFFF. The
waveform with a duty cycle of 0% and 100% can be output. For details on 0%- and 100%-duty
cycle waveform output, see 3. C., Outputting awaveform with a duty cycle of 0% and 100% in
section 12.4.7.
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TCNT values

GRAO

Time
Time

»
Ll
»
>

(a) When duty is 0%

—
FTIODO —I
TCNT values

H'0000
FTIOBO
FTIODO

GRBO
GRAO
GRBO
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TCNT values
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(a) When duty is 0%

TCNT values

GRAO

GRBO

Time

»

(b) When duty is 100%

Figure12.32 (2) Example of Complementary PWM Mode Operation

TPSC1 = TPSCO # 0) (3)

(TPSC2
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In complementary PWM mode, when the counter switches from up-counter to down-counter or
viceversa, TCNT_0 and TCNT_1 overshoots or undershoots, respectively. In this case, the
conditions to set the IMFA flag in channel 0 and the UDF flag in channel 1 differ from usual
settings. Also, the transfer conditions in buffer operation differ from usual settings. Such timings

are shown in figures 12.33 and 12.34.

TCNT

GRA_0

IMFA

Buffer transfer signal

GR

XN-1X N XN+1X N XN-1

N

[

@

Set to 1 ’

S Flag is not set

D

|

X \

q

Transferred

to buffer Not transferred
to buffer

Figure12.33 Timing of Overshooting

TCNT

UDF

Buffer transfer signal

GR

X H'0001 X H'0000 X H'FFFFX H'OOOOX H'0001

Flag is not set
| AR

Set to 1 TN

[

[
X

Transferred \/

to buffer
Not transferred
to buffer

Figure12.34 Timing of Undershooting

When the counter isincremented or decremented, the IMFA flag of channel O is set to 1, and when
the register is underflowed, the UDF flag of channel O is set to 1. After buffer operation has been
designated for BR, BRistransferred to GR when the counter is incremented by compare match
A0 or when TCNT_1 isunderflowed. If the ¢ or ¢/2 clock is selected by TPSC2 to TPSCO bits,
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the OVF flag is not set to 1 at the timing that the counter value changes from H'FFFF to H'0000. If
the ¢/4 or ¢/8 clock is selected by TPSC2 to TPSCO hits, the OVF flag is set to 1.

3. Setting GR Vaue in Complementary PWM Mode: To set the genera register (GR) or modify
GR during operation in complementary PWM mode, refer to the following notes.
A. Initia value
a. When other than TPSC2 = TPSC1 = TPSCO = 0, the GRA_0 value must be equal to
H'FFFC or less. When TPSC2 = TPSC1 = TPSCO = 0, the GRA_0 value can be set to
H'FFFF or less.
b. H'0000to T —1 (T: Initial value of TCNTQ) must not be set for theinitia value.
c. GRA_O0—(T —1) or more must not be set for the initial value.
d. When using buffer operation, the same values must be set in the buffer registers and
corresponding general registers.
B. Modifying the setting value
a. Writing to GR directly must be performed while the TCNT_1 and TCNT_0 values
should satisfy the following expression: H'0000 < TCNT _1 < previous GR value, and
previous GR value < TCNT_0 < GRA_0. Otherwise, awaveform is not output
correctly. For details on outputting a waveform with aduty cycle of 0% and 100%, see
C., Outputting a waveform with a duty cycle of 0% and 100%.
b. Do not write the following values to GR directly. When writing the values, a waveform
is hot output correctly.
H'0000<GR<T-1and GRA_O0- (T - 1) < GR < GRA_Owhen TPSC2 = TPSC1 =
TPSCO0=0
H'0000<GR<T-1and GRA_O0- (T - 1) <GR<GRA_0+ 1 when TPSC2 = TPSC1
=TPSCO=0
¢. Do not change settings of GRA_0 during operation.
C. Outputting awaveform with a duty cycle of 0% and 100%
a. Buffer operation isnot used and TPSC2 = TPSC1 = TPSC0 =0
Write H'0000 or avalue equa to or more than the GRA_0 value to GR directly at the
timing shown below.
e To output a 0%-duty cycle waveform, write a value equal to or more than the GRA_0
value while H'0000 < TCNT _1 < previous GR vaue

e To output a 100%-duty cycle waveform, write H'0000 while previous GR value<
TCNT_0<GRA 0

To change duty cycles while awaveform with aduty cycle of 0% or 100% is being
output, make sure the following procedure.
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To change duty cycles while a 0%-duty cycle waveform is being output, write to GR
while H'0000 < TCNT_1 < previous GR value

To change duty cycles while a 100%-duty cycle waveform is being output, write to GR
while previous GR value< TCNT_0<GRA 0

Note that changing from a 0%-duty cycle waveform to a 100%-duty cycle waveform
and vice versais not possible.

. Buffer operation isused and TPSC2 = TPSC1 =TPSC0 =0

Write H'0000 or avalue equal to or more than the GRA_0 value to the buffer register.
To output a 0%-duty cycle waveform, write a value equal to or more than the GRA_0
value to the buffer register

To output a 100%-duty cycle waveform, write H'0000 to the buffer register

For details on buffer operation, see section 12.4.8, Buffer Operation.

. Buffer operation is not used and other than TPSC2 = TPSC1 = TPSC0 =0

Write avalue which satisfies GRA_0 + 1 < GR < H'FFFF to GR directly at the timing
shown below.

To output a 0%-duty cycle waveform, write the value while H'0000 < TCNT_1 <
previous GR value

To output a 100%-duty cycle waveform, write the value while previous GR value<
TCNT_O0<GRA_O

To change duty cycles while awaveform with aduty cycle of 0% and 100% is being
output, the following procedure must be followed.

To change duty cycles while a 0%-duty cycle waveform is being output, write to GR
while H'0000 < TCNT_1 < previous GR value

To change duty cycles while a 100%-duty cycle waveform is being output, write to GR
while previous GR value< TCNT_0<GRA 0

Note that changing from a 0%-duty cycle waveform to a 100%-duty cycle waveform
and vice versais not possible.

. Buffer operation is used and other than TPSC2 = TPSC1 = TPSC0O = 0

Write avalue which satisfies GRA_0 + 1 < GR < H'FFFF to the buffer register. A
waveform with a duty cycle of 0% can be output. However, a waveform with a duty
cycle of 100% cannot be output using the buffer operation. Also, the buffer operation
cannot be used to change duty cycles while awaveform with aduty cycle of 100% is
being output. For details on buffer operation, see section 12.4.8, Buffer Operation.
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12.4.8 Buffer Operation

Buffer operation differs depending on whether GR has been designated for an input capture

register or an output compare register, or in reset synchronous PWM mode or complementary
PWM mode.

Table 12.8 shows the register combinations used in buffer operation.

Table12.8 Register Combinationsin Buffer Operation

General Register Buffer Register
GRA GRC

GRB GRD

1. When GR is an output compare register

When a compare match occurs, the value in the buffer register of the corresponding channel is
transferred to the general register.

Thisoperation isillustrated in figure 12.35.

Compare match signal

Buffer register Gen_eral ) Comparator C TCNT
register

Figure12.35 Compare Match Buffer Operation

2. When GR isan input capture register
When an input capture occurs, the value in TCNT istransferred to the general register and the
value previoudly stored in the general register is transferred to the buffer register.
Thisoperation isillustrated in figure 12.36.

Input capture
signal
Buffer register General TONT
register

Figure12.36 Input Capture Buffer Operation
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3. Complementary PWM Mode

When the counter switches from counting up to counting down or vice versa, the value of the
buffer register is transferred to the general register. Here, the value of the buffer register is
transferred to the general register in the following timing:

A. When TCNT_0 and GRA_0 are compared and their contents match
B. When TCNT_1 underflows

4. Reset Synchronous PWM Mode

The value of the buffer register is transferred from compare match A0 to the general register.
5. Example of Buffer Operation Setting Procedure

Figure 12.37 shows an example of the buffer operation setting procedure.

( Buffer operation ) [1] Designate GR as an input capture register
| or output compare register by means of
TIOR.
Select GR function 1] [2] Designate GR for buffer operation with bits

BFD1, BFC1, BFDO, or BFCO in TMDR.
| [38] Setthe STR bitin TSTR to 1 to start the
count operation of TCNT.

Set buffer operation [2]

Start count operation [3]

:

<Buffer operation>

Figure 12.37 Example of Buffer Operation Setting Procedure
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6. Examples of Buffer Operation

Figure 12.38 shows an operation example in which GRA has been designated as an output
compare register, and buffer operation has been designated for GRA and GRC.

Thisisan example of TCNT operating as a periodic counter cleared by compare match B.
Pins FTIOA and FTIOB are set for toggle output by compare match A and B.

As buffer operation has been set, when compare match A occurs, the FTIOA pin performs
toggle outputs and the value in buffer register is simultaneously transferred to the general
register. This operation is repeated each time that compare match A occurs.

Thetiming to transfer datais shown in figure 12.39.

TCNT value
A

Counter is cleared by GBR compare match

GRB

H'0250
H'0200

H'0100

H'0000 E : :

GRC ' H'0200

H0200 ! X H000

GRA H'0250 H01d0 X  H0200

FTIOB

FTIOA

$ 4 bt

Compare match A

Figure 12.38 Example of Buffer Operation (1)
(Buffer Operation for Output Compar e Register)
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TCNT

Compare match
signal

Buffer transfer
signal

GRC

GRA

N I I

n+1

n

X
[ 1
[ 1
X

Figure12.39 Example of Compare Match Timing for Buffer Operation
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Figure 12.40 shows an operation example in which GRA has been designated as an input capture
register, and buffer operation has been designated for GRA and GRC.

Counter clearing by input capture B has been set for TCNT, and falling edges have been selected
as the FIOCB pin input capture input edge. And both rising and falling edges have been selected
as the FIOCA pin input capture input edge.

As buffer operation has been set, when the TCNT valueis stored in GRA upon the occurrence of
input capture A, the value previously stored in GRA is simultaneoudly transferred to GRC. The
transfer timing is shown in figure 12.41.

Counter is cleared by the input capture B

TCNT value ’/
H'0180 L S

H'O160 b oo oo oo

H0005 - oo
H'0000 ; ; > Time

FTIOB

FTIOA 1 1

H'0005 X H0160 X
GRC X X H0005 X H0160

GRB :>< X H'0180
4 4 4

Input capture A

GRA

><

Figure12.40 Example of Buffer Operation (2)
(Buffer Operation for Input Capture Register)
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<

FTIO pin
Input capture
signal

TCNT

GRA

GRC

(¢ {C
T )Y
m Xj M M X n
( {(
T ),

Figure12.41 Input Capture Timing of Buffer Operation
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Figures 12.42 and 12.43 show the operation examples when buffer operation has been designated
for GRB_0 and GRD_0 in complementary PWM mode. These are examples when a PWM
waveform of 0% duty is created by using the buffer operation and performing GRD_0> GRA_0.
Dataistransferred from GRD_0 to GRB_0 according to the settings of CMD_0 and CMD_1 when
TCNT_0 and GRA_0 are compared and their contents match or when TCNT_1 underflows.
However, when GRD_0 > GRA_0, dataistransferred from GRD_0to GRB_0when TCNT_1
underflows regardless of the setting of CMD_0 and CMD_1. When GRD_0 = H'0000, datais
transferred from GRD_0 to GRB_0 when TCNT_0 and GRA_0 are compared and their contents
match regardless of the settings of CMD_0 and CMD_1.

GRB_0 (When restored, data will be transferred
TCNT values to the saved location regardless of the
CMD1 and CMDO values)

A TCNT_O S /

GRAD  [----==mmm = frmmmmmm e e S

HO0999  f----f---1--- N : D D/ Lttt

H'0000 L o . : L > Time

GRD_O  HO0999! | X 'H1FFF :X H'0999! ¥

GRBO  H0999 ! X EEH'0999><H'1FFF

FTIOBO

FTIODO

Figure12.42 Buffer Operation (3)
(Buffer Operation in Complementary PWM ModeCMD1=CMDO0=1)
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GRB_0 (When restored, data will be transferred

TCNT values to the saved location regardless of the
TCNT_0 CMD1 and CMDO values)
A
e 2N
A\ TCNT_1 '
H0999  |----- S N
H'0000 T - . S Time
. P GRBO i b
GRD_O  H0999} X 'HO000 ! X L 1iH0999;
GRBO  H0999: ! X ! H0000 X ! 1H0999; ¥
FTIOCO ' i '
FTIODO

Figure 12.43 Buffer Operation (4)
(Buffer Operation in Complementary PWM ModeCMD1=CMDO0=1)
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1249 Timer Z Output Timing

The outputs of channels 0 and 1 can be disabled or inverted by the settings of TOER and TOCR
and the external level.

1. Output Disable/Enable Timing of Timer Z by TOER: Setting the master enable bit in TOER to
1 disables the output of timer Z. By setting the PCR and PDR of the corresponding 1/O port
beforehand, any value can be output. Figure 12.44 shows the timing to enable or disable the
output of timer Z by TOER.

¢ S I I I
Address bus x TOER address X

TOER X

Timer Z_ Timer output X 1/0 port
output pin

Timer Z output H 1/O port
— -

Figure12.44 Example of Output Disable Timing of Timer Z by Writingto TOER

2. Output Disable Timing of Timer Z by External Trigger: When P54/WKP4 is set asa WKP4
input pin, and low level isinput to WK P4, the master enable bit in TOER is set to 1 and the
output of timer Z will be disabled.

WKP4 | |
)
45
TOER N X N H'FF
A l)l)
Timer Z. Timer Z output X 1/0 port
output pin

— -
Timer Z output | 1/0 port

Figure 12.45 Example of Output Disable Timing of Timer Z by External Trigger
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3. Output Inverse Timing by TFCR: The output level can be inverted by inverting the OLS1 and
OL S0 hitsin TFCR in reset synchronous PWM mode or complementary PWM mode. Figure
12.46 shows the timing.

T1 T2
0 S I O I
Address bus X TOER address X

TFCR X

Timer Z X
output pin

Inverted

Figure12.46 Example of Output Inverse Timing of Timer Z by Writingto TFCR

4. Output Inverse Timing by POCR: The output level can be inverted by inverting the POLD,
POLC, and POLB hitsin POCR in PWM mode. Figure 12.47 shows the timing.

T1 T2

S [
Address bus X POCR address X
TFCR X

Timer Z X
output pin

Inverted

Figure 12.47 Example of Output Inverse Timing of Timer Z by Writing to POCR
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125 Interrupts

There are three kinds of timer Z interrupt sources; input capture/compare match, overflow, and
underflow. Aninterrupt is requested when the corresponding interrupt request flag is set to 1 while
the corresponding interrupt enable bit is set to 1.

1251 StatusFlag Set Timing

1. IMF Flag Set Timing: The IMF flag is set to 1 by the compare match signal that is generated
when the GR matches with the TCNT. The compare match signal is generated at the last state
of matching (timing to update the counter value when the GR and TCNT match). Therefore,
when the TCNT and GR matches, the compare match signal will not be generated until the
TCNT input clock is generated. Figure 12.48 shows the timing to set the IMF flag.

¢ S A
TCNT input clock | |

TCNT N X N+1

GR

Compare match | |
signal

IMF I

IT™MZ |

Figure12.48 IMF Flag Set Timing when Compare Match Occurs
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2. IMF Flag Set Timing at Input Capture: When an input capture signal is generated, the IMF flag
isset to 1 and the value of TCNT is simultaneously transferred to corresponding GR. Figure
12.49 shows the timing.

' S [ I
Input capture

signal | |
IMF I

TCNT N

o N4 N

IT™MZ |

Figure12.49 IMF Flag Set Timing at I nput Capture

3. Overflow Flag (OVF) Set Timing: The overflow flag is set to 1 when the TCNT overflows.
Figure 12.50 shows the timing.

! S [ B A

TCNT H'FFFF >< H'0000
Overflow | |
signal

OVF I

IT™MZ |

Figure12.50 OVF Flag Set Timing
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125.2 StatusFlag Clearing Timing

The status flag can be cleared by writing 0 after reading 1 from the CPU. Figure 12.51 showsthe
timing in this case.

! S I I I
Address X TSR address X
WTSR I_l
(internal write signal)

IMF, OVF |

IT™MZ |

Figure12.51 StatusFlag Clearing Timing

12.6  Usage Notes

1. Contention between TCNT Write and Clear Operations: If a counter clear signal is generated
inthe T, state of a TCNT write cycle, TCNT clearing has priority and the TCNT write is not
performed. Figure 12.52 shows the timing in this case.

TCNT write cycle

T1 T2
- | —>

0 B N I
X TCNT address X

WTCNT
(internal write signal)

Counter clear signal | |

TCNT N H'0000

Clearing has priority.

Figure12.52 Contention between TCNT Writeand Clear Operations
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2. Contention between TCNT Write and Increment Operations: If incrementation isdonein T,

state of aTCNT write cycle, TCNT writing has priority. Figure 12.53 shows the timing in this
case.

TCNT write cycle

T1 T2
- | —>

o S S A A I
>< TCNT address ><

WTCNT
(internal write signal)

TCNT input clock | |

TCNT N >< M
TCNT write data

Figure 12.53 Contention between TCNT Writeand I ncrement Operations

3. Contention between GR Write and Compare Match: If a compare match occursin the T, state
of a GR write cycle, GR write has priority and the compare match signal is disabled. Figure
12.54 shows the timing in this case.

GR write cycle

T1 T2
| —> | —>|

: EpiiniinlnpEipEpgininE
W orasmes X

TCNT N X N+1

GR N X /M

GR write data

Compare match
signal

+<——— Disabled

Figure12.54 Contention between GR Write and Compare Match
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4. Contention between TCNT Write and Overflow/Underflow: If overflow/underflow occursin
the T, state of a TCNT write cycle, TCNT write has priority without an increment operation.
At thistime, the OVF flag is set to 1. Figure 12.55 shows the timing in this case.

TCNT write cycle

T1 T2
fe——fe—>

’ L

X TCNT address X

WTCNT
(internal write signal)

[

TCNT input clock

[

Overflow signal

[

TCNT

HFFFF

X/M

OVF

TCNT write data

Figure12.55 Contention between TCNT Write and Overflow
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5. Contention between GR Read and Input Capture: If an input capture signal is generated in the
T, state of a GR read cycle, the data that isread will be transferred before input capture
transfer. Figure 12.56 shows the timing in this case.

GR read cycle

T1 T2

' S 1 I O
X GR address X

Internal read | |

signal

Input capture | |

signal

GR X X M
Internal data / \

bus \ X /

Figure12.56 Contention between GR Read and Input Capture
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6. Contention between Count Clearing and Increment Operations by Input Capture: If an input
capture and increment signals are simultaneously generated, count clearing by the input
capture operation has priority without an increment operation. The TCNT contents before
clearing counter are transferred to GR. Figure 12.57 shows the timing in this case.

' S I I

Input capture signal

Counter clear signal

TCNT input clock

TCNT N H'0000

U

GR

Clearing has priority.

Figure 12.57 Contention between Count Clearing and I ncrement Operations
by Input Capture
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7. Contention between GR Write and Input Capture: If an input capture signal is generated in the
T, state of a GR write cycle, the input capture operation has priority and the write to GR is not
performed. Figure 12.58 shows the timing in this case.

GR write cycle
T1 T2

. S I I I I
Address bus X GR address X

WGR

(internal write signal) | |

Input capture
signal

TCNT N

GR X M\

GR write data

Figure 12.58 Contention between GR Writeand Input Capture

8. Notes on Setting Reset Synchronous PWM M ode/Complementary PWM Mode: When bits
CMD1 and CMDO in TFCR are set, note the following:
A. Write bits CMD1 and CMDO while TCNT_1 and TCNT_O are halted.
B. Changing the settings of reset synchronous PWM maode to complementary PWM mode or
viceversaisdisabled. Set reset synchronous PWM mode or complementary PWM mode
after the normal operation (bits CMD21 and CMDO are cleared to 0) has been set.
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9. Noteon Clearing TSR Flag: When a specific flag in TSR is cleared, a combination of the
BCLR or MOV instructions is used to read 1 from the flag and then write O to the flag.
However, if another bit is set during this processing, the bit may also be cleared
simultaneoudly. To avoid this, the following processing that does not use the BCLR instruction
must be executed. Note that this note is only applied to the F-ZTAT version. This problem has
already been solved in the mask ROM version.

Example: When clearing bit 4 (OVF) in TSR
MOV.B @TSR,ROL
MOV.B #B'11101111, ROL <o Only the bit to be cleared is0 and
the other bitsare all set to 1.

MOV.B ROL, @TSR

10. Note on Writing to the TOAOQ to TODO Bits and the TOA1 to TOD1 Bitsin TOCR:

The TOAO to TODO bhits and the TOA1 to TOD1 bitsin TOCR decide the value of the FTIO
pin, which is output until the first compare match occurs. Once a compare match occurs and
this compare match changes the values of FTIOAO to FTIODO and FTIOA1 to FTIOD1
output, the values of the FTIOAO to FTIODO and FTIOA1 to FTIOD1 pin output and the
values read from the TOAO to TODO and TOA1 to TOD1 bits may differ. Moreover, when the
writing to TOCR and the generation of the compare match A0 to DO and A1 to D1 occur at the
same timing, the writing to TOCR has the priority. Thus, output change due to the compare
match is not reflected to the FTIOAO to FTIODO and FTIOA1 to FTIOD1 pins. Therefore,
when bit manipulation instruction is used to write to TOCR, the values of the FTIOAO to
FTIODO and FTIOA1 to FTIOD1 pin output may result in an unexpected result. When TOCR
isto be written to while compare match is operating, stop the counter once before accessing to
TOCR, read the port 6 state to reflect the values of FTIOAQ to FTIODO and FTIOA1 to
FTIOD1 output, to TOAO to TODO and TOA1 to TOD1, and then restart the counter. Figure
12.59 shows an example when the compare match and the bit manipulation instruction to
TOCR occur at the same timing.
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TOCR has been set to H'06. Compare match BO and compare match CO are used. The FTIOBO pin is in the 1 output state,
and is set to the toggle output or the 0 output by compare match BO.

When BCLR#2, @ TOCR is executed to clear the TOCO bit (the FTIOCO signal is low) and compare match BO occurs

at the same timing as shown below, the H'02 writing to TOCR has priority and compare match BO does not drive

the FTIOBO signal low; the FTIOBO signal remains high.

Bit 7 6 5 4 3 2 1 0
TOCR TOD1 TOCH1 TOBH1 TOA1 TODO TOCO TOBO TOAQO
Set value 0 0 0 0 0 1 1 0

BCLR#2, @ TOCR

(1) TOCR read operation: Read H'06

(2) Modify operation: Modify H'06 to H'02
(3) Write operation to TOCR: Write H'02

AN I A I I

TOCR
write signal

Compare match
signal BO

FTIOBO pin

N Expected

------------------------------------------- output
Remains high because the 1 writing to TOB has priority

Figure 1259 When Compare Match and Bit Manipulation Instruction to TOCR
Occur at the Same Timing
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Section 13 Watchdog Timer

The watchdog timer is an 8-bit timer that can generate an internal reset signal for thisLSl if a
system crash prevents the CPU from writing to the timer counter, thus alowing it to overflow.

The block diagram of the watchdog timer is shown in figure 13.1.

Internal CLK TCSRWD

oscillator
o —» PSS —M—» TCWD
L TMWD - >

[Legend] L Internal reset

Y

\
Internal data bus

TCSRWD: Timer control/status register WD signal
TCWD: Timer counter WD
PSS: Prescaler S

TMWD:  Timer mode register WD

Figure13.1 Block Diagram of Watchdog Timer

13.1 Features

e Selectable from nine counter input clocks.

Eight clock sources (¢/64, ¢/128, ¢/256, ¢/512, ¢/1024, $/2048, $/4096, and ¢/8192) or the
internal oscillator can be selected as the timer-counter clock. When the internal oscillator is
selected, it can operate as the watchdog timer in any operating mode.

e Reset signal generated on counter overflow
An overflow period of 1 to 256 times the selected clock can be set.
e Thewatchdog timer operatesin theinitial state. (It counts up by canceling the reset state.)
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13.2  Register Descriptions

The watchdog timer has the following registers.

e Timer control/status register WD (TCSRWD)

e Timer counter WD (TCWD)

e Timer mode register WD (TMWD)

13.21 Timer Control/Status Register WD (TCSRWD)

TCSRWD performsthe TCSRWD and TCWD write control. TCSRWD also controls the
watchdog timer operation and indicates the operating state. TCSRWD must be rewritten by using
the MOV instruction. The bit manipulation instruction cannot be used to change the setting value.

Initial
Bit Bit Name Value R/W

Description

7 B6WI 1 R/W

Bit 6 Write Inhibit

The TCWE bit can be written only when the write value
of the B6WI bit is 0.

This bit is always read as 1.

6 TCWE 0 R/W

Timer Counter WD Write Enable
TCWD can be written when the TCWE bit is set to 1.

When writing data to this bit, the value for bit 7 must be
0.

5 B4wI 1 R/W

Bit 4 Write Inhibit

The TCSRWE bit can be written only when the write
value of the B4WI bit is 0. This bit is always read as 1.

4 TCSRWE 0 R/W

Timer Control/Status Register WD Write Enable

The WDON and WRST bits can be written when the
TCSRWE bit is set to 1.

When writing data to this bit, the value for bit 5 must be
0.

3 B2wI 1 R/W

Bit 2 Write Inhibit

This bit can be written to the WDON bit only when the
write value of the B2WI bit is 0.

This bit is always read as 1.
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Initial
Bit Bit Name Value R/W Description
2 WDON 1 R/W Watchdog Timer On

The TCWD starts counting up when the WDON bit is
set to 1 and halts when the WDON bit is cleared to 0.
The WDT is set enabled by default. To disable the
WDT, clear this bit to 0.

[Clearing conditions]

e When writing 0 to the B2WI bit and 0 to the WDON
bit while the TCSRWE bit =1.

[Setting condition]

o Reset

e  When writing 1 to the B2WI bit and 0 to the WDON
bit while the TCSRWE bit =1.

1 BowI 1 R/W Bit 0 Write Inhibit

This bit can be written to the WRST bit only when the
write value of the BOWI bit is 0. This bit is always read
as 1.

0 WRST 0 R/W Watchdog Timer Reset
[Setting condition]

e When TCWD overflows and an internal reset signal
is generated

[Clearing conditions]

¢ Reset by RES pin

¢ When writing 0 to the B2WI bit and 0 to the WDON
bit while the TCSRWE bit =1.

13.22 Timer Counter WD (TCWD)

TCWD is an 8-hit readabl e/writable up-counter. When TCWD overflows from H'FF to H'00, the
internal reset signal is generated and the WRST bit in TCSRWD isset to 1. TCWD isinitialized to
H'00.
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13.23 Timer Mode Register WD (TMWD)

TMWD selects the input clock.

Bit Bit Name

Initial
Value

R/W

Description

7t04 —

All 1

Reserved
These bits are always read as 1.

CKS3
CKS2
CKSH1
CKS0

o == N W

—_ A A

R/W
R/W
R/W
R/W

Clock Select 3to 0

Select the clock to be input to TCWD.
1000: Internal clock: counts on ¢/64
1001: Internal clock: counts on ¢/128
1010: Internal clock: counts on ¢/256
1011: Internal clock: counts on ¢/512
1100: Internal clock: counts on ¢/1024
1101: Internal clock: counts on ¢/2048
1110: Internal clock: counts on $/4096
1111: Internal clock: counts on $8192
0XXX: Internal oscillator

For the internal oscillator overflow periods, see section
21, Electrical Characteristics.

[Legend]
X: Don't care.
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13.3  Operation

The watchdog timer is provided with an 8-bit counter. After the reset state is released, TCWD
starts counting up. When the TCWD count value overflows H'FF, an internal reset signal is
generated. The internal reset signal is output for a period of 256 ¢, clock cycles. ASTCWD isa
writable counter, it starts counting from the value set in TCWD. An overflow period in the range
of 1to 256 input clock cycles can therefore be set, according to the TCWD set value. When the
watchdog timer is not used, stop TCWD counting by writing 0 to B2WI and WDON
simultaneously while the TCSRWE hit in TCSRWD is set to 1. (To stop the watchdog timer, two
write accessesto TCSRWD are required.)

Figure 13.2 shows an example of watchdog timer operation.

Example: With 30ms overflow period when ¢ = 4 MHz

4% 10°
8192

x 30 x 1078 = 14.6

Therefore, 256 — 15 = 241 (H'F1) is set in TCW.

TCWD overflow

TCWD

HOQ -------------4-------f-------9-=-=---94------------
Y
H'F1 written  H'F1 written to TCWD Reset generated
to TCWD
Internal reset I_l
signal

I an
' '

256 ¢pgc clock cycles

Figure13.2 Watchdog Timer Operation Example
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Section 14 14-Bit PWM

The 14-bit PWM is apulse division type PWM that can be used for electronic tuner control, etc.
Figure 14.1 shows a block diagram of the 14-bit PWM.

141 Features

e Choice of two conversion periods

A conversion period of 32768/¢ with a minimum modulation width of 2/¢, or a conversion
period of 16384/¢ with a minimum modulation width of 1/¢, can be selected.

e Pulsedivision method for lessripple

PWCR
[2]
3
o
o

PWDRL k|
E
£
8
=

PWDRU

/4 > PWM waveform PWM
o ——— generator

[Legend]

PWCR: PWM control register
PWDRL: PWM data register L
PWDRU: PWM data register U
PWM: PWM output pin

Figure14.1 Block Diagram of 14-Bit PWM
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14.2  Input/Output Pin
Table 14.1 shows the 14-bit PWM pin configuration.

Table14.1 Pin Configuration

Name Abbreviation /0 Function
14-bit PWM square-wave  PWM Output 14-bit PWM square-wave output pin
output

143 Register Descriptions
The 14-bit PWM has the following registers.

e PWM control register (PWCR)
e PWM dataregister U (PWDRU)
e PWM dataregister L (PWDRL)

1431 PWM Control Register (PWCR)

PWCR selects the conversion period.

Initial
Bit Bit Name Value R/W Description
7to 1 — All 1 — Reserved
These bits are always read as 1 and cannot be
modified.
0 PWCRO O R/W Clock Select

0: The input clock is ¢/2 (to = 2/¢)
— The conversion period is 16384/¢, with a
minimum modulation width of 1/¢
1: The input clock is ¢/4 (1o = 4/0)
— The conversion period is 32768/¢, with a
minimum modulation width of 2/¢

[Legend]
to: Period of PWM clock input
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1432 PWM DataRegistersU and L (PWDRU, PWDRL)

PWDRU and PWDRL indicate high level width in one PWM waveform cycle. PWDRU and
PWDRL are 14-bit write-only registers, with the upper 6 bits assigned to PWDRU and the lower 8
bitsto PWDRL. When read, all bits are always read as 1.

Both PWDRU and PWDRL are accessible only in bytes. Note that the operation is not guaranteed
if word accessis performed. When 14-bit datais written in PWDRU and PWDRL, the contents
are latched in the PWM waveform generator and the PWM waveform generation data is updated.
When writing the 14-bit data, the order is as follows: PWDRL to PWDRU.

PWDRU and PWDRL areinitialized to H'C00O.

144  Operation
When using the 14-bit PWM, set the registersin this sequence:

1. Set the PWM bhit in the port mode register 1 (PMR1) to set the P11/PWM pin to function as a
PWM output pin.

2. Set the PWCRO hit in PWCR to select a conversion period of either.

3. Set the output waveform datain PWDRU and PWDRL. Be sure to write byte data first to
PWDRL and then to PWDRU. When the data is written in PAWDRU, the contents of these
registers are latched in the PWM waveform generator, and the PWM waveform generation
datais updated in synchronization with internal signals.

One conversion period consists of 64 pulses, as shown in figure 14.2. Thetotal high-level width
during this period (T,,) corresponds to the datain PWDRU and PWDRL. This relation can be
expressed as follows:

T, = (data value in PWDRU and PWDRL + 64) x t¢/2

wheret¢ is the period of PWM clock input: 2/¢ (bit PWCRO = 0) or 4/¢ (bit PWCRO = 1).
If the data value in PWDRU and PWDRL is from H'FFCO to H'FFFF, the PWM output stays high.
When the data value is H'C000, T,, is calculated as follows:

T, =64 xt0/2 =321t
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Conversion period

tf1

tf2

tH1

tf63

tf64

tH2

tH3

TH=tH1+tH2+tH3 + - +tH64
tfl=tf2=tf3=-=tf64

tHB3

tHe4

Figure14.2 Waveform Output by 14-Bit PWM
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Section 15 Serial Communication Interface 3 (SCI3)

This LSl includes aserial communication interface 3 (SCI3) , which has independent two
channels. The SCI3can handle both asynchronous and clocked synchronous serial communication.
In asynchronous mode, serial data communication can be carried out using standard asynchronous
communication chips such asa Universal Asynchronous Receiver/Transmitter (UART) or an
Asynchronous Communication Interface Adapter (ACIA). A function is also provided for serial
communication between processors (multiprocessor communication function).

Table 15.1 shows the SCI3 channel configuration and figure 15.1 shows a block diagram of the
SCI3. Since pin functions are identical for each of the two channels (SCI3 and SCI3_2), separate
explanations are not given in this section.

15.1 Features

e Choice of asynchronous or clocked synchronous serial communication mode
o Full-duplex communication capability

The transmitter and receiver are mutually independent, enabling transmission and reception to
be executed simultaneously.

Double-buffering is used in both the transmitter and the receiver, enabling continuous
transmission and continuous reception of serial data.

e On-chip baud rate generator alows any hit rate to be selected
e External clock or on-chip baud rate generator can be selected as atransfer clock source.
e Six interrupt sources

Transmit-end, transmit-data-empty, receive-data-full, overrun error, framing error, and parity
error.

Asynchronous mode

o Datalength: 7 or 8 bits

e Stop bit length: 1 or 2 bits

e Parity: Even, odd, or none

e Receive error detection: Parity, overrun, and framing errors

e Break detection: Break can be detected by reading the RxD pin level directly in the case of a
framing error
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Clocked synchronous mode

e Datalength: 8 bits
o Receive error detection: Overrun errors

Table15.1 Channel Configuration

Channel Abbreviation  Pin Register Register Address
Channel 1 SCI3* SCK3 SMR H'FFA8
?))((g BRR H'FFA9
SCR3 H'FFAA
TDR H'FFAB
SSR H'FFAC
RDR H'FFAD
RSR —
TSR —
Channel 2 SCI3_2 SCK3_2 SMR_2 H'F740
RXD_2 BRR_2 HF741
TXD_2 -
SCR3_2 H'F742
TDR_2 H'F743
SSR_2 H'F744
RDR_2 H'F745
RSR_2 —
TSR_2 —

Note: * The channel 1 of the SCI3 is used in on-board programming mode by boot mode.
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<Herma, <« Internal clock (6/64, 0/16, /4, ¢)
SCK3 <cioc Baud rate generator
BRC <—| BRR
Clock
<_| SMR
Transmit/receive
control circuit <—| SCR3
'l SSR
TXD oe—r— TSR |<_| TDR
RXD 0———| RSR ] -

R B I

Internal data bus

[Legend]

RSR: Receive shift register
RDR: Receive data register
TSR: Transmit shift register
TDR: Transmit data register
SMR: Serial mode register
SCRS: Serial control register 3
SSR: Serial status register
BRR: Bit rate register

BRC: Bit rate counter

Interrupt request
(TEI, TXI, RXI, ERI)

152

Figure15.1 Block Diagram of SCI3

I nput/Output Pins

Table 15.2 shows the SCI3 pin configuration.

Table15.2 Pin Configuration

Pin Name Abbreviation I/0 Function
SCI3 clock SCKS3 /10 SCI3 clock input/output
SCI3 receive data input RXD Input SCI3 receive data input
SCI3 transmit data output  TXD Output  SCI3 transmit data output
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15.3 Register Descriptions
The SCI3 has the following registers.

e Receive shift register (RSR)

o Receive dataregister (RDR)

e Transmit shift register (TSR)

e Transmit dataregister (TDR)

e Seria moderegister (SMR)

e Seria control register 3 (SCR3)
e Seria statusregister (SSR)

e Bitrateregister (BRR)

15.3.1 Receive Shift Register (RSR)

RSR is a shift register that is used to receive serial datainput from the RxD pin and convert it into
parallel data. When one frame of data has been received, it istransferred to RDR automatically.
RSR cannot be directly accessed by the CPU.

15.3.2 Receive Data Register (RDR)

RDR is an 8-hit register that stores received data. When the SCI3 has received one frame of serial
data, it transfers the received serial datafrom RSR to RDR, whereit is stored. After this, RSR is
receive-enabled. As RSR and RDR function as a double buffer in thisway, continuous receive
operations are possible. After confirming that the RDRF bit in SSR is set to 1, read RDR only
once. RDR cannot be written to by the CPU. RDR isinitialized to H'00.

15.3.3  Transmit Shift Register (TSR)

TSR is ashift register that transmits serial data. To perform serial data transmission, the SCI3 first
transfers transmit data from TDR to TSR automatically, then sends the data that starts from the
L SB to the TXD pin. TSR cannot be directly accessed by the CPU.
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15.34 Transmit Data Register (TDR)

TDR is an 8-bit register that stores data for transmission. When the SCI3 detects that TSR is
empty, it transfers the transmit data written in TDR to TSR and starts transmission. The double-
buffered structure of TDR and TSR enables continuous serial transmission. If the next transmit
data has already been written to TDR during transmission of one-frame data, the SCI3 transfers
the written data to TSR to continue transmission. To achieve reliable serial transmission, write
transmit data to TDR only once after confirming that the TDRE bit in SSRissetto 1. TDRis
initialized to H'FF.

1535 Serial Mode Register (SMR)

SMR is used to set the SCI3's serial transfer format and select the baud rate generator clock
source.

Initial
Bit Bit Name Value R/W Description
7 COM 0 R/W Communication Mode
0: Asynchronous mode
1: Clocked synchronous mode
6 CHR 0 R/W Character Length (enabled only in asynchronous mode)
0: Selects 8 bits as the data length.
1: Selects 7 bits as the data length.
5 PE 0 R/W Parity Enable (enabled only in asynchronous mode)

When this bit is set to 1, the parity bit is added to
transmit data before transmission, and the parity bit is
checked in reception.

4 PM 0 R/W Parity Mode (enabled only when the PE bitis 1 in
asynchronous mode)

0: Selects even parity.
1: Selects odd parity.
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Initial
Bit Bit Name Value R/W

Description

3 STOP 0 R/W

Stop Bit Length (enabled only in asynchronous mode)
Selects the stop bit length in transmission.

0: 1 stop bit

1: 2 stop bits

For reception, only the first stop bit is checked,
regardless of the value in the bit. If the second stop bit
is 0, it is treated as the start bit of the next transmit
character.

Multiprocessor Mode

When this bit is set to 1, the multiprocessor
communication function is enabled. The PE bit and PM
bit settings are invalid in multiprocessor mode. In
clocked synchronous mode, clear this bit to 0.

1 CKS1 0 R/W
0 CKS0 0 R/W

Clock Select 0 and 1

These bits select the clock source for the baud rate
generator.

00: ¢ clock (n =0)
01: ¢/4 clock (n = 1)
10: ¢/16 clock (n = 2)
11: ¢/64 clock (n = 3)

For the relationship between the bit rate register setting
and the baud rate, see section 15.3.8, Bit Rate Register
(BRR). The decimal representation of the value of nis n
in BRR (see section 15.3.8, Bit Rate Register (BRR)).

Rev. 2.00 Sep. 23, 2005 Page 244 of 444
REJ09B0068-0200

RENESAS



Section 15 Serial Communication Interface 3 (SCI3)

153.6  Serial Control Register 3 (SCR3)

SCR3 isaregister that enables or disables SCI3 transfer operations and interrupt requests, and is
also used to select the transfer clock source. For details on interrupt requests, see section 15.7,

Interrupts.
Initial

Bit Bit Name Value R/W Description

7 TIE 0 R/W Transmit Interrupt Enable
When this bit is set to 1, the TXI interrupt request is
enabled.

6 RIE 0 R/W Receive Interrupt Enable
When this bit is set to 1, RXl and ERI interrupt requests
are enabled.

5 TE 0 R/W Transmit Enable
When this bit s set to 1, transmission is enabled.

4 RE 0 R/W Receive Enable
When this bit is set to 1, reception is enabled.

3 MPIE 0 R/W Multiprocessor Interrupt Enable (enabled only when the
MP bit in SMR is 1 in asynchronous mode)
When this bit is set to 1, receive data in which the
multiprocessor bit is 0 is skipped, and setting of the
RDRF, FER, and OER status flags in SSR is disabled.
On receiving data in which the multiprocessor bit is 1,
this bit is automatically cleared and normal reception is
resumed. For details, see section 15.6, Multiprocessor
Communication Function.

2 TEIE 0 R/W Transmit End Interrupt Enable

When this bit is set to 1, TEIl interrupt request is
enabled.
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Initial
Bit Bit Name Value R/W Description
1 CKE1 0 R/W Clock Enable 0 and 1
0 CKEO 0 R/W Selects the clock source.

e Asynchronous mode
00: On-chip baud rate generator
01: On-chip baud rate generator

Outputs a clock of the same frequency as the bit
rate from the SCKS pin.

10: External clock

Inputs a clock with a frequency 16 times the bit rate
from the SCKS pin.

11:Reserved

e Clocked synchronous mode

00: On-chip clock (SCK3 pin functions as clock output)
01: Reserved

10: External clock (SCK3 pin functions as clock input)

11: Reserved
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153.7 Serial Status Register (SSR)

SSR isaregister containing status flags of the SCI3 and multiprocessor bits for transfer. 1 cannot
be written to flags TDRE, RDRF, OER, PER, and FER; they can only be cleared.

Initial
Bit Bit Name Value R/W

Description

7 TDRE 1 R/W

Transmit Data Register Empty

Indicates whether TDR contains transmit data.
[Setting conditions]

e When the TE bitin SCR3is 0

e When data is transferred from TDR to TSR
[Clearing conditions]

e When 0 is written to TDRE after reading TDRE = 1
e When the transmit data is written to TDR

6 RDRF 0 R/W

Receive Data Register Full

Indicates that the received data is stored in RDR.

[Setting condition]

o When serial reception ends normally and receive
data is transferred from RSR to RDR

[Clearing conditions]

e When 0 is written to RDRF after reading RDRF = 1

e When data is read from RDR

5 OER 0 R/W

Overrun Error

[Setting condition]

e When an overrun error occurs in reception
[Clearing condition]

e When 0 is written to OER after reading OER = 1

4 FER 0 R/W

Framing Error

[Setting condition]

¢ When a framing error occurs in reception
[Clearing condition]

e When 0 is written to FER after reading FER = 1
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Initial
Bit Bit Name Value R/W

Description

3 PER 0 R/W

Parity Error

[Setting condition]

e When a parity error is detected during reception
[Clearing condition]

¢ When 0 is written to PER after reading PER = 1

2 TEND 1 R

Transmit End

[Setting conditions]

e When the TE bitin SCR3is 0

o When TDRE = 1 at transmission of the last bit of a
1-frame serial transmit character

[Clearing conditions]

e When 0 is written to TDRE after reading TDRE = 1

e When the transmit data is written to TDR

1 MPBR 0 R

Multiprocessor Bit Receive

MPBR stores the multiprocessor bit in the receive
character data. When the RE bit in SCRS3 is cleared to
0, its state is retained.

0 MPBT 0 R/W

Multiprocessor Bit Transfer

MPBT stores the multiprocessor bit to be added to the
transmit character data.
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15.3.8 Bit Rate Register (BRR)

BRR is an 8-hit register that adjusts the bit rate. The initial value of BRR isH'FF. Table 15.3
shows the relationship between the N setting in BRR and the n setting in the CKS1 and CK S0 bits
of SMR in asynchronous mode. Table 15.4 shows the maximum bit rate for each frequency in
asynchronous mode. The values shown in both tables 15.3 and 15.4 are values in active (high-
speed) mode. Table 15.5 shows the relationship between the N setting in BRR and the n setting in
the CKS1 and CK S0 hits of SMR in clocked synchronous mode. The values shown in table 15.5
arevaluesin active (high-speed) mode. The N setting in BRR and error for other operating
frequencies and hit rates can be obtained by the following formulas:

[Asynchronous M ode]

¢ 6
= %1051
64 x 221« B %

6
Error (%)={( 910

1l x 1
N + 1) x B x 64 x 221 }X 00

[Clocked Synchronous Mode]

- 051
8 x22n-1x B

[Legend]

B: Bit rate (bit/s)

N: BRR setting for baud rate generator (0 < N < 255)
¢: Operating frequency (MHz)

n: CSK1 and CSKO settings in SMR (0 < n < 3)
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Table15.3 Examplesof BRR Settingsfor Various Bit Rates (Asynchronous M ode) (1)

Operating Frequency ¢ (MHz)

2 2.097152 2.4576 3
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 1 141 0.03 1 148 -0.04 1 174 -0.26 1 212 0.08
150 1 103 0.16 1 108 0.21 1 127 0.00 1 155 0.16
300 0 207 0.16 0 217 0.21 0 255 0.00 1 77 0.16
600 0 103 0.16 0 108 0.21 0 127 0.00 0 155 0.16
1200 0 51 0.16 0 54 -0.70 0 63 0.00 0 77 0.16
2400 0 25 0.16 0 26 114 0 31 0.00 0 38 0.16
4800 0 12 0.16 0 13 248 0 15 0.00 0 19 -2.34
9600 0 6 —6.99 0 6 —2.48 0 7 0.00 0 9 -2.34
19200 0 2 8.51 0 2 13.78 0 3 0.00 0 4 -2.34
31250 0 1 0.00 0 1 4.86 0 1 22.88 0 2 0.00
38400 0 1 -18.62 0 1 -14.67 O 1 0.00 —_ - —
Operating Frequency ¢ (MHz)
3.6864 4 4.9152 5
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 2 64 0.70 2 70 0.03 2 86 0.31 2 88 -0.25
150 1 191 0.00 1 207 0.16 1 255 0.00 2 64 0.16
300 1 95 0.00 1 103 0.16 1 127 0.00 1 129 0.16
600 0 191 0.00 0 207 0.16 0 255 0.00 1 64 0.16
1200 0 95 0.00 0 103 0.16 0 127 0.00 0 129 0.16
2400 0 47  0.00 0 51 0.16 0 63 0.00 0 64 0.16
4800 0 23 0.00 0 25 0.16 0 31  0.00 0 32 -1.36
9600 0 11 0.00 0 12 0.16 0 15 0.00 0 15 1.73
19200 0 5 0.00 0 6 —6.99 0 0.00 0 1.73
31250 - - - 0 0.00 0 -1.70 0 0.00
38400 0 2 0.00 0 8.51 0 0.00 0 1.73
[Legend]
— A setting is available but error occurs.
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Table15.3 Examplesof BRR Settingsfor Various Bit Rates (Asynchr onous M ode) (2)

Operating Frequency ¢ (MHz)

6 6.144 7.3728
Bit Rate Error Error Error
(bit/s) n N (%) n N (%) n N (%)
110 2 106 -0.44 2 108 0.08 2 130 -0.07
150 2 77 0.16 2 79 0.00 2 95 0.00
300 1 155 0.16 1 159 0.00 1 191 0.00
600 1 77 0.16 1 79 0.00 1 95 0.00
1200 0 155 0.16 0 159 0.00 0 191 0.00
2400 0 77 0.16 0 79 0.00 0 95 0.00
4800 0 38 0.16 0 39 0.00 0 47 0.00
9600 0 19 -2.34 0 19 0.00 0 23 0.00
19200 0 -2.34 0 0.00 0 11 0.00
31250 0 0.00 0 2.40 0 6 5.33
38400 0 -2.34 0 0.00 0 5 0.00
Operating Frequency ¢ (MHz)
8 9.8304 10 12
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 2 141 0.03 2 174 -0.26 2 177 -025 2 212 0.08
150 2 103 0.16 2 127 0.00 2 129 0.16 2 155 0.16
300 1 207 0.16 1 255 0.00 2 64 0.16 2 77 0.16
600 1 103 0.16 1 127 0.00 1 129 0.16 1 155 0.16
1200 0 207 O0.16 0 255 0.00 1 64 0.16 1 77 0.16
2400 0 103 0.16 0 127 0.00 0 129 0.16 0 155 0.16
4800 0 51 0.16 0 63 0.00 0 64 0.16 0 77 0.16
9600 0 25 0.16 0o 31 0.00 0 32 -136 O 38 0.16
19200 0o 12 0.16 0 15 0.00 0o 15 1.73 0 19 —2.34
31250 o 7 0.00 0 9 -1.70 0 9 0.00 0 11 0.00
38400 0 6 -6.99 o 7 0.00 o 7 1.73 0 9 -2.34
[Legend]

— A setting is available but error occurs.

Rev. 2.00 Sep. 23, 2005 Page 251 of 444
RENESAS REJ09B0068-0200



Section 15 Serial Communication Interface 3 (SCI3)

Table15.3 Examplesof BRR Settingsfor Various Bit Rates (Asynchronous M ode) (3)

Operating Frequency ¢ (MHz)

12.888 14 14.7456 16

Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 2 217 008 2 248 -0.17 3 64 070 3 70 0.03
150 2 159 0.00 2 181 0.16 2 191 0.00 2 207 0.16
300 2 79 000 2 90 0.16 2 95 0.00 2 103 0.16
600 1 159 0.00 1 181 0.16 1 191 0.00 1 207 0.16
1200 1 79 0.00 1 90 0.16 1 95 0.00 1 103 0.16
2400 0 159 000 O 181 016 O 191 000 O 207 0.16
4800 0 79 000 O 90 0.16 O 95 000 O 103 0.16
9600 0 39 0.00 O 45 -093 0 47 000 O 51 0.16
19200 0 19 000 O 22 -093 0 23 000 O 25 0.16
31250 0 11 240 O 13 000 O 14 -1.70 O 15 0.00
38400 0 9 0.00 — — — 0 11 000 O 12 0.16

Operating Frequency ¢ (MHz)

18 20
Bit Rate Error Error
(bit/s) n N (%) n N (%)
110 3 79 -0.12 3 88 -0.25
150 2 233 0.16 3 64 0.16
300 2 116 0.16 2 129 0.16
600 1 233 0.16 2 64 0.16
1200 1 116 0.16 1 129 0.16
2400 0 233 0.16 1 64 0.16
4800 0 116 0.16 0 129 0.16
9600 0 58 —-0.96 0 64 0.16
19200 0 28 1.02 0 32 -1.36
31250 0 17 0.00 0 19 0.00
38400 0 14 -2.34 0 15 1.73
[Legend]
— A setting is available but error occurs.
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Table15.4 Maximum Bit Rate for Each Frequency (Asynchronous M ode)

Maximum Bit

Maximum Bit

o (MHz)  Rate (bit/s) n N o (MHz)  Rate (bit/s) n N
2 62500 0 0 8 250000 0 0
2.097152 65536 0 0 9.8304 307200 0 0
2.4576 76800 0 0 10 312500 0 0
3 93750 0 0 12 375000 0 0
3.6864 115200 0 0 12.288 384000 0 0
4 125000 0 0 14 437500 0 0
4.9152 153600 0 0 14.7456 460800 0 0
5 156250 0 0 16 500000 0 0
6 187500 0 0 17.2032 537600 0 0
6.144 192000 0 0 18 562500 0 0
7.3728 230400 0 0 20 625000 0 0
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Table15.5 Examplesof BRR Settingsfor Various Bit Rates (Clocked Synchronous M ode)

D
Operating Frequency ¢ (MHz)

Bit Rate 2 4 8 10 16
(bit/s) n N n N n N n N n N
110 3 70 — — — — — —
250 2 124 2 249 3 124 — — 3 249
500 1 249 2 124 2 249 — — 3 124
1k 1 124 1 249 2 124 — — 2 249
2.5k 0 199 1 99 1 199 1 249 2 99
5k 0 99 0 199 1 99 1 124 1 199
10k 0 49 0 99 0 199 0 249 1 99
25k 0 19 0 39 0 79 0 99 0 159
50k 0 0 19 0 39 0 49 0 79
100k 0 0 0 19 0 24 0 39
250k 0 0 0 0 0 15
500k 0 o* 0 1 0 0 0
1M 0 o* 0 1 — — 0
2M 0 o* — — 0
2.5M 0 o* — —
am 0 0*
[Legend]

Blank: No setting is available.
— A setting is available but error occurs.
*: Continuous transfer is not possible.
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Table15.5 Examplesof BRR Settingsfor Various Bit Rates (Clocked Synchronous M ode)

@)

Operating Frequency ¢ (MHz)
Bit Rate 18 20
(bit/s) n N n N
110 — — — —
250 — — — —
500 3 140 3 155
1k 3 69 3 77
2.5k 2 112 2 124
5k 1 224 1 249
10k 1 112 1 124
25k 0 179 0 199
50k 0 89 0 99
100k 0 44 0 49
250k 0 17 0 19
500k 0 8 0 9
1M 0 0
2M — — — —
2.5M — — 0 1
4M — — — —
[Legend]

Blank: No setting is available.
— A setting is available but error occurs.
*: Continuous transfer is not possible.
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154  Operation in Asynchronous Mode

Figure 15.2 shows the general format for asynchronous serial communication. One character (or
frame) consists of a start bit (low level), followed by data (in LSB-first order), a parity bit (high or
low level), and finally stop bits (high level). Inside the SCI 3, the transmitter and receiver are
independent units, enabling full-duplex. Both the transmitter and the receiver also have adouble-
buffered structure, so data can be read or written during transmission or reception, enabling
continuous data transfer.

LSB MSB 1
Serial Sltart Transmit/receive data Planty Stop bit Mark state
data | bit bit
1 bit 7 or 8 bits 1 bit, 1or
ornone 2 bits
One unit of transfer data (character or frame)

Figure15.2 Data Format in Asynchronous Communication

15.4.1 Clock

Either an internal clock generated by the on-chip baud rate generator or an external clock input at
the SCK3 pin can be selected as the SCI3's serial clock, according to the setting of the COM bit in
SMR and the CKEO and CKEL1 bitsin SCR3. When an external clock isinput at the SCK3 pin, the
clock frequency should be 16 times the bit rate used.

When the SCI3 is operated on an internal clock, the clock can be output from the SCK 3 pin. The
frequency of the clock output in this caseis equal to the bit rate, and the phase is such that the
rising edge of the clock isin the middle of the transmit data, as shown in figure 15.3.

CIock|||||||||||||||||||||||||||||||||

Serial data |0|DO|D1|D2|D3|D4|D5|D6|D7|0/1|1 1
|-

1 character (frame)

Figure15.3 Relationship between Output Clock and Transfer Data Phase
(Asynchronous M ode)(Example with 8-Bit Data, Parity, Two Stop Bits)
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15.4.2 SCI3Initialization

Before transmitting and receiving data, you should first clear the TE and RE hitsin SCR3 to 0,
then initialize the SCI3 as described below. When the operating mode, or transfer format, is
changed for example, the TE and RE bits must be cleared to 0 before making the change using the
following procedure. When the TE bit is cleared to O, the TDRE flag is set to 1. Note that clearing
the RE bit to 0 does not initiaize the contents of the RDRF, PER, FER, and OER flags, or the
contents of RDR. When the external clock is used in asynchronous mode, the clock must be
supplied even during initialization.

( Start initialization ) [1] Set the clock selection in SCR3.
| Be sure to clear bits RIE, TIE, TEIE, and
| MPIE, and bits TE and RE, to 0.

| Clear TE and RE bits in SCR3 to 0
T When the clock output is selected in

1] asynchronous mode, clock is output
Set CKE1 and CKEO bits in SCR3 immediately after CKE1 and CKEO
| settings are made. When the clock
output is selected at reception in clocked
Set data transfer format in SMR [2] synchronous mode, clock is output
T immediately after CKE1, CKEO, and RE

Set value in BRR 3] are setto 1.

Wait [2] Set the data transfer format in SMR.

[38] Write a value corresponding to the bit
No rate to BRR. Not necessary if an
external clock is used.

1-bit interval elapsed?

[4] Wait at least one bit interval, then set the
TE bit or RE bitin SCR3to 1. RE

Set TE and RE bits in settings enlabIAe the RXD pin to t?e‘used.

SCR3 1o 1, and set RIE, TIE, TEIE, [4] For transmission, set the TXD bit in
and MPIE bits. For transmit (TE=1), PMR1 to 1 to enable the TXD output pin
also set the TxD bit in PMR1. to be used. Also set the RIE, TIE, TEIE,

| and MPIE bits, depending on whether
interrupts are required. In asynchronous
<Initialization completion> mode, the bits are marked at
transmission and idled at reception to
wait for the start bit.

Figure15.4 Sample SCI3 Initialization Flowchart
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15.4.3 Data Transmission

Figure 15.5 shows an example of operation for transmission in asynchronous mode. In
transmission, the SCI3 operates as described below.

1. The SCI3 monitorsthe TDRE flag in SSR. If theflagis cleared to 0, the SCI3 recognizes that
data has been written to TDR, and transfers the data from TDR to TSR.

2. After transferring data from TDR to TSR, the SCI3 setsthe TDRE flag to 1 and starts
transmission. If the TIE bit isset to 1 at thistime, a TXI interrupt request is generated.

Continuous transmission is possible because the TXI interrupt routine writes next transmit data

to TDR before transmission of the current transmit data has been compl eted.
3. The SCI3 checks the TDRE flag at the timing for sending the stop hit.

4. If the TDREflag is 0, the dataistransferred from TDR to TSR, the stop bit is sent, and then
seria transmission of the next frameis started.

5. Ifthe TDREflagis1, the TEND flag in SSR is set to 1, the stop it is sent, and then the "mark

state" is entered, in which 1 is output. If the TEIE bit in SCR3 isset to 1 at thistime, a TEI
interrupt request is generated.

6. Figure 15.6 shows a sample flowchart for transmission in asynchronous mode.

Start Transmit Parity Stop Start Transmit Parity Stop Mark

bit data bit  bit bit data bit  bit state
Serial 1 | o [po|bp1|  [p7fon| 1 | o [pofp1|  [p7fon] 4 1
data | 1 frame 1 frame

TDRE fI ?l ?I
TEND | | tt | {t ‘r

LSl TXl interrupt TDRE flag TXI interrupt request generated TEl interrupt request
operation request cleared to 0 generated
User generated Data written

processing to TDR

Figure155 Exampleof SCI3 Transmission in Asynchronous Mode
(8-Bit Data, Parity, One Stop Bit)
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( Start transmission ) [1] Read SSR and check that the
< TDRE flag is set to 1, then write

- transmit data to TDR. When data is
m | Read TDRE flag in SSR | written to TDR, the TDRE flag is
automaticaly cleared to 0.

No [2] To continue serial transmission,
read 1 from the TDRE flag to
confirm that writing is possible,

Yes then write data to TDR. When data
is written to TDR, the TDRE flag is
Write transmit data to TDR automaticaly CIear?d to 0
[3] To output a break in serial
transmission, after setting PCR to 1
v and PDR to 0, clear TxD in PMR1
2] All data transmitted? to 0, then clear the TE bit in SCR3
to 0.
No
Read TEND flag in SSR
[3] Break output?

Clear PDR to 0 and
set PCRto 1

Clear TE bit in SCR3to 0

Figure15.6 Sample Serial Transmission Data Flowchart (Asynchronous Mode)

Rev. 2.00 Sep. 23, 2005 Page 259 of 444
RENESAS REJ09B0068-0200




Section 15 Serial Communication Interface 3 (SCI3)

1544  Serial Data Reception

Figure 15.7 shows an example of operation for reception in asynchronous mode. In seria
reception, the SCI 3 operates as described below.

1. The SCI3 monitors the communication line. If a start bit is detected, the SCI3 performs
internal synchronization, receives receive datain RSR, and checks the parity bit and stop bit.

2. If an overrun error occurs (when reception of the next datais completed while the RDRF flag
isdtill setto 1), the OER hit in SSRisset to 1. If the RIE bit in SCR3 isset to 1 at thistime, an
ERI interrupt request is generated. Receive datais not transferred to RDR.

3. If aparity error is detected, the PER bit in SSR is set to 1 and receive datais transferred to
RDR. If the RIE hit in SCR3 is set to 1 at thistime, an ERI interrupt request is generated.

4. If aframing error is detected (when the stop bit is 0), the FER bit in SSRis set to 1 and receive
dataistransferred to RDR. If the RIE bit in SCR3 is set to 1 at thistime, an ERI interrupt
request is generated.

5. If reception is completed successfully, the RDRF bit in SSR is set to 1, and receive datais
transferred to RDR. If the RIE bit in SCR3isset to 1 at thistime, an RX| interrupt request is
generated. Continuous reception is possible because the RX1 interrupt routine reads the receive
data transferred to RDR before reception of the next receive data has been completed.

Start Receive Parity Stop Start Receive Parity Stop  Mark state
bit data bit  bit bit data bit  bit (idle state)
Serial 1 o [oo|bp1]  |p7z|oa]| 1] o |pof[p1]| b7 o] o] 1
data it it
| 1 frame 1 frame |
RDRF N | I " |
FER " ? ? "
it | | it 1
LSI RXlI request RDRF 0 stop bit  ERI request in
operation cleared to 0 detected response to
framing error
User RDR data read Framing error
processing processing

Figure 15.7 Example of SCI3 Reception in Asynchronous Mode
(8-Bit Data, Parity, One Stop Bit)

Rev. 2.00 Sep. 23, 2005 Page 260 of 444
REJ09B0068-0200 RENESAS



Section 15 Serial Communication Interface 3 (SCI3)

Table 15.6 shows the states of the SSR status flags and receive data handling when areceive error
is detected. If areceive error is detected, the RDRF flag retains its state before receiving data.
Reception cannot be resumed while areceive error flag is set to 1. Accordingly, clear the OER,
FER, PER, and RDRF bitsto O before resuming reception. Figure 15.8 shows a sample flow chart

for serial datareception.

Table15.6 SSR Status Flagsand Receive Data Handling

SSR Status Flag

RDRF*  OER FER PER Receive Data Receive Error Type

1 1 0 0 Lost Overrun error

0 0 1 0 Transferred to RDR Framing error

0 0 0 1 Transferred to RDR  Parity error

1 1 1 0 Lost Overrun error + framing error

1 1 0 1 Lost Overrun error + parity error

0 0 1 1 Transferred to RDR Framing error + parity error

1 1 1 1 Lost Overrun error + framing error +

parity error

Note: * The RDRF flag retains the state it had before data reception.
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(SCI3)

( Start reception )

Read OER, PER, and
FER flags in SSR

OER+PER+FER =1

(1]

[1] 2]

[4]

No Error processing

@Continued on next page) [4]

| Read RDRF flag in SSR |

Read receive data in RDR

[2]

Yes

All data received?

(A) »] No

Clear RE bit in SCR3to 0

<End>

(3]

Read the OER, PER, and FER flags in
SSR to identify the error. If a receive
error occurs, performs the appropriate
error processing.

Read SSR and check that RDRF =1,
then read the receive data in RDR.

The RDRF flag is cleared automatically.
To continue serial reception, before the
stop bit for the current frame is
received, read the RDRF flag and read
RDR.

The RDREF flag is cleared automatically.
If a receive error occurs, read the OER,
PER, and FER flags in SSR to identify
the error. After performing the
appropriate error processing, ensure
that the OER, PER, and FER flags are
all cleared to 0. Reception cannot be
resumed if any of these flags are set to
1. In the case of a framing error, a
break can be detected by reading the
value of the input port corresponding to
the RxD pin.

Figure15.8 Sample Serial Reception Data Flowchart (Asynchronous Mode)(1)
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(4]

( Error processing )

o

Yes

| Overrun error processing

Yes

Break?

Framing error processing

No

Parity error processing

(A)

Clear OER, PER, and
FER flags in SSR to 0

<End>

Figure15.8 Sample Serial Reception Data Flowchart (Asynchronous Mode)(2)
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15,5 Operation in Clocked Synchronous Mode

Figure 15.9 shows the general format for clocked synchronous communication. In clocked
synchronous mode, datais transmitted or received synchronous with clock pulses. A single
character in the transmit data consists of the 8-bit data starting from the LSB. In clocked
synchronous serial communication, data on the transmission line is output from one falling edge of
the synchronization clock to the next. In clocked synchronous mode, the SCI3 receives datain
synchronous with the rising edge of the synchronization clock. After 8-bit datais output, the
transmission line holds the MSB state. In clocked synchronous mode, no parity or multiprocessor
bit is added. Inside the SCI3, the transmitter and receiver are independent units, enabling full-
duplex communication through the use of acommon clock. Both the transmitter and the receiver
also have adouble-buffered structure, so data can be read or written during transmission or
reception, enabling continuous data transfer.

8-bit

I !
~ I

One unit of transfer data (character or frame)

* l P! *

SynchronizationIllllllllllllllllll
clock

| LSB MSB !

Serial data A XBitOXBiHXBit2XBit3XBit4XBit5XBi16XBit7IXA
| ]

Don't care Don't care

Note: * High except in continuous transfer

Figure15.9 Data Format in Clocked Synchronous Communication

155.1 Clock

Either an internal clock generated by the on-chip baud rate generator or an external
synchronization clock input at the SCK3 pin can be selected, according to the setting of the COM
bit in SMR and the CKEO and CKEZ1 bits in SCR3. When the SCI3 is operated on an internal
clock, the synchronization clock is output from the SCK3 pin. Eight synchronization clock pulses
are output in the transfer of one character, and when no transfer is performed the clock isfixed
high.

15.5.2 SCl3Initialization

Before transmitting and receiving data, the SCI3 should beinitialized as described in asample
flowchart in figure 15.4.
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1553 Serial Data Transmission

Figure 15.10 shows an example of SCI3 operation for transmission in clocked synchronous mode.
In serial transmission, the SCI 3 operates as described below.

1.

7.

The SCI3 monitors the TDRE flag in SSR, and if the flag is 0, the SCI3 recognizes that data
has been written to TDR, and transfers the datafrom TDR to TSR.

The SCI3 setsthe TDRE flag to 1 and starts transmission. If the TIE bit in SCR3issetto 1 at
thistime, atransmit data empty interrupt (TXI) is generated.

8-hit data is sent from the TxD pin synchronized with the output clock when output clock
mode has been specified, and synchronized with the input clock when use of an external clock
has been specified. Serial datais transmitted sequentially from the LSB (bit 0), from the TxD
pin.

The SCI3 checks the TDRE flag at the timing for sending the MSB (bit 7).

If the TDRE flag is cleared to 0, datais transferred from TDR to TSR, and seria transmission
of the next frame is started.

If the TDRE flag isset to 1, the TEND flag in SSR is set to 1, and the TDRE flag maintains the
output state of the last bit. If the TEIE bit in SCR3isset to 1 at thistime, a TEIl interrupt
request is generated.

The SCK3 pinisfixed high at the end of transmission.

Figure 15.11 shows a sample flow chart for serial datatransmission. Even if the TDRE flag is
cleared to O, transmission will not start while areceive error flag (OER, FER, or PER) isset to 1.
Make sure that the receive error flags are cleared to O before starting transmission.

Serial —
S VAV WAV WAV WAWANVEN
Sorial gito X Bit1 X X 8it7 ) Bito X Bit1 X X Bite X Bit7

< - >
Lo

1 frame 1 frame

oe [ L, | “
TEND T T 3 T o+ ﬂ‘

LSI TXl interrupt TDRE flag TXI interrupt request generated TEI interrupt request

operation request cleared generated
generated to 0

User Data written

processing to TDR

Figure 15.10 Example of SCI3 Transmission in Clocked Synchronous Mode
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( Start transmission ) [11 Read SSR and check that the TDRE flag is
i < set to 1, then write transmit data to TDR.
When data is written to TDR, the TDRE flag
| is automatically cleared to 0 and clocks are
output to start the data transmission.
No [2] To continue serial transmission, be sure to
read 1 from the TDRE flag to confirm that
writing is possible, then write data to TDR.
Yes When data is written to TDR, the TDRE flag
is automatically cleared to 0.

[1] | Read TDRE flag in SSR

Write transmit data to TDR

[2] All data transmitted?

Read TEND flag in SSR

No

Yes

Clear TE bitin SCR3to 0

<End>

Figure15.11 Sample Serial Transmission Flowchart (Clocked Synchronous M ode)
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1554  Serial Data Reception (Clocked Synchronous M ode)

Figure 15.12 shows an example of SCI3 operation for reception in clocked synchronous mode. In
serial reception, the SCI3 operates as described below.

1. The SCI3 performs internal initialization synchronous with a synchronization clock input or
output, starts receiving data.

2. The SCI3 stores the receive datain RSR.

3. If an overrun error occurs (when reception of the next datais completed while the RDRF flag
in SSRis still set to 1), the OER bit in SSRis set to 1. If the RIE bit in SCR3isset to 1 at this
time, an ERI interrupt request is generated, receive datais not transferred to RDR, and the
RDRF flag remainsto be set to 1.

4. If reception is completed successfully, the RDRF bit in SSR is set to 1, and receive datais
transferred to RDR. If the RIE bhit in SCR3isset to 1 at thistime, an RX1 interrupt request is
generated.

VAV VAWV WAV ANV WS

Serial R . t X
o X 8it7 X Bito X ) X Bit7

RDRF

BitOXBiHX X Bit6>< Bit 7

OER

LSl
operation

User
processing

1 frame 1 frame
RXlinterrupt  RDRF flag RXI interrupt request generated
request cleared
generated to0
RDR data read RDR data has
not been read
(RDRF = 1)

1&
ERI interrupt request

generated by
overrun error

Overrun error
processing

Figure 15.12 Example of SCI3 Reception in Clocked Synchronous Mode
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Reception cannot be resumed while areceive error flag is set to 1. Accordingly, clear the OER,
FER, PER, and RDRF bitsto 0 before resuming reception. Figure 15.13 shows a sample flow
chart for serial data reception.

( Start reception ) [1] Read the OER flag in SSR to determine if

=I there is an error. If an overrun error has
occurred, execute overrun error processing.

[2] Read SSR and check that the RDRF flag is
set to 1, then read the receive data in RDR.
When data is read from RDR, the RDRF
flag is automatically cleared to 0.

[3] To continue serial reception, before the
MSB (bit 7) of the current frame is received,
reading the RDRF flag and reading RDR
should be finished. When data is read from

[4]

Overrun error
processing

(Continued below)

| Read RDRF flag in SSR | [2] RDR, the RDRF flag is automatically
cleared to 0.
No [4] If an overrun error occurs, read the OER
flag in SSR, and after performing the
¢ appropriate error processing, clear the OER
Yes flag to 0. Reception cannot be resumed if

the OER flag is set to 1.
Read receive data in RDR

(3]

| Clear RE bit in SCR3to 0 |

<End>

[4] ( Start overrun error processing )
|

| Overrun error processing |
|

| Clear OER flag in SSR to 0 |

<End>

Figure15.13 Sample Serial Reception Flowchart (Clocked Synchronous M ode)
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1555 Simultaneous Serial Data Transmission and Reception

Figure 15.14 shows a sample flowchart for simultaneous serial transmit and receive operations.
The following procedure should be used for simultaneous serial data transmit and receive
operations. To switch from transmit mode to simultaneous transmit and receive mode, after
checking that the SCI3 has finished transmission and the TDRE and TEND flags are set to 1, clear
TE to 0. Then simultaneously set TE and RE to 1 with asingle instruction. To switch from receive
mode to simultaneous transmit and receive mode, after checking that the SCI3 has finished
reception, clear RE to 0. Then after checking that the RDRF and receive error flags (OER, FER,
and PER) are cleared to 0, simultaneously set TE and RE to 1 with asingle instruction.

( Start transmission/reception ) [1] Read SSR and check that the TDRE
— flag is set to 1, then write transmit
—1 data to TDR.

| Read TDRE flag in SSR | [1] When data is written to TDR, the

TDRE flag is automatically cleared to

No 0.
¢ [2] Read SSR and check that the RDRF
flag is set to 1, then read the receive

Yes data in RDR.

. ) When data is read from RDR, the

Write transmit data to TDR RDRF flag is automatically cleared to

| 0.
I [3] To continue serial transmission/
| reception, before the MSB (bit 7) of

the current frame is received, finish

reading the RDRF flag, reading RDR.

Also, before the MSB (bit 7) of the

current frame is transmitted, read 1

from the TDRE flag to confirm that

writing is possible. Then write data to

TDR.

When data is written to TDR, the

No TDRE flag is automatically cleared to
0. When data is read from RDR, the
RDRF flag is automatically cleared to

0.
[4] If an overrun error occurs, read the
OER flag in SSR, and after

| Read OER flag in SSR

[4]
Overrun error
processing

| Read receive data in RDR

N performing the appropriate error
processing, clear the OER flag to 0.
All data received? [3] Transmission/reception cannot be
resumed if the OER flag is set to 1.
No

For overrun error processing, see
figure 15.13.

Clear TE and RE bits in SCR to 0

|
<End>

Figure15.14 Sample Flowchart of Simultaneous Serial Transmit and Receive Operations
(Clocked Synchronous Mode)
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15.6  Multiprocessor Communication Function

Use of the multiprocessor communication function enables data transfer between a number of
processors sharing communication lines by asynchronous serial communication using the
multiprocessor format, in which a multiprocessor bit is added to the transfer data. When
multiprocessor communication is performed, each receiving station is addressed by aunique ID
code. The serial communication cycle consists of two component cycles; an ID transmission cycle
that specifies the receiving station, and a data transmission cycle. The multiprocessor bit is used to
differentiate between the ID transmission cycle and the data transmission cycle. If the
multiprocessor bit is 1, the cycleisan ID transmission cycle; if the multiprocessor hit is 0, the
cycleisadatatransmission cycle. Figure 15.15 shows an example of inter-processor
communication using the multiprocessor format. The transmitting station first sends the ID code
of the receiving station with which it wants to perform serial communication as datawith a1
multiprocessor bit added. It then sends transmit data as data with a 0 multiprocessor bit added.
When data with a 1 multiprocessor bit is received, the receiving station compares that data with its
own ID. The station whose |D matches receives the following data. Stations whose |Ds do not
match continue to skip data until data with a1 multiprocessor hit is again received.

The SCI3 uses the MPIE bit in SCR3 to implement this function. When the MPIE bit is set to 1,
transfer of receive datafrom RSR to RDR, error flag detection, and setting the SSR status flags,
RDRF, FER, and OER, to 1, areinhibited until data with a 1 multiprocessor bit isreceived. On
reception of areceive character with a1 multiprocessor bit, the MPBR bit in SSR is set to 1 and
the MPIE bit is automatically cleared, thus normal reception is resumed. If the RIE bit in SCR3 is
set to 1 at thistime, an RXI interrupt is generated.

When the multiprocessor format is selected, the parity bit setting is rendered invalid. All other bit
settings are the same as those in normal asynchronous mode. The clock used for multiprocessor
communication is the same as that in normal asynchronous mode.

Transmitting

station
7 Serial transmission line
\
| Receiving | Receiving | Receiving | Receiving
station A station B station C station D
(ID=01) (ID =02) (ID = 03) (ID = 04)
Serial -
data /\ [ Hot [ \ [ HAA |\ /\ /
! (MPB =1)! (MPB =0) !
ID transmission cycle = Data transmission cycle =
receiving station Data transmission to
specification receiving station specified by ID

[Legend]
MPB: Multiprocessor bit

Figure15.15 Example of Inter-Processor Communication Using M ultiprocessor Format
(Transmission of Data H'AA to Receiving Station A)
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15.6.1 Multiprocessor Serial Data Transmission

Figure 15.16 shows a sample flowchart for multiprocessor serial data transmission. For an ID
transmission cycle, set the MPBT hit in SSR to 1 before transmission. For a data transmission
cycle, clear the MPBT bit in SSR to 0 before transmission. All other SCI3 operations are the same
as those in asynchronous mode.

( Start transmission )

I‘

[11 Read SSR and check that the TDRE
flag is set to 1, set the MPBT bit in

[1] | Read TDRE flag in SSR | SSR to 0 or 1, then write transmit

data to TDR. When data is written to

No TDR, the TDRE flag is automatically
cleared to 0.
2

To continue serial transmission, be
Yes sure to read 1 from the TDRE flag to
confirm that writing is possible, then
write data to TDR. When data is

| written to TDR, the TDRE flag is
Write transmit data to TDR automatically cleared to 0.

Set MPBT bit in SSR

[3] To output a break in serial
transmission, set the port PCR to 1,
clear PDR to 0, then clear the TE bit
in SCR3to 0.

Clear PDR to 0 and set PCR to 1

T
| Clear TE bit in SCR3 to 0 |

Figure15.16 Sample Multiprocessor Serial Transmission Flowchart
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15.6.2 Multiprocessor Serial Data Reception

Figure 15.17 shows a sample flowchart for multiprocessor serial datareception. If the MPIE bit in
SCR3issetto 1, datais skipped until datawith a 1 multiprocessor bit is sent. On receiving data
with a 1 multiprocessor bit, the receive datais transferred to RDR. An RX| interrupt request is
generated at thistime. All other SCI3 operations are the same as those in asynchronous mode.
Figure 15.18 shows an example of SCI3 operation for multiprocessor format reception.

( Start reception [1] Set the MPIE bitin SCR3 to 1.
[2] Read OER and FER in SSR to check for

| Set MPIE bit in SCR3 to 1 | M1 errors. Receive error processing is performed
| 2

in cases where a receive error occurs.

[3] Read SSR and check that the RDRF flag is
set to 1, then read the receive data in RDR
and compare it with this station’s ID.

If the data is not this station’s ID, set the MPIE
bit to 1 again.

When data is read from RDR, the RDRF flag
is automatically cleared to 0.

[4] Read SSR and check that the RDRF flag is
set to 1, then read the data in RDR.

[5] If a receive error occurs, read the OER and
FER flags in SSR to identify the error. After
performing the appropriate error processing,
ensure that the OER and FER flags are all
cleared to 0.

Reception cannot be resumed if either of
these flags is set to 1.

In the case of a framing error, a break can be
detected by reading the RxD pin value.

| Read OER and FER flags in SSR

| Read RDRF flag in SSR | [4]
N
oot g
Receive error
Yes processing
| Read receive data in RDR | (Continued on
next page)

| Clear RE bitin SCR3 to 0 |

T
<End>

Figure15.17 Sample Multiprocessor Serial Reception Flowchart (1)
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[5]( Start receive error processing )

| Framing error processing |

Clear OER and
FER flags in SSR to 0

<End>

Figure 15.17 Sample Multiprocessor Serial Reception Flowchart (2)
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Start Receive Stop Start Receive data Stop Mark state
bit data (ID1) MPB bit bit (Datat) MPB  bit (idle state)
Serial 1 | o [po|pt]  |p7| 1] 1] o ]|po|D1t]|] o7 [0 [ 1 1
data 1 G
| 1 frame N 1 frame |
< > >
MPIE . [ [ ;
RDRF " "

I/ N

RDR
D1
value / X \
LSI RXI interrupt RDRF flag RXl interrupt request
operation request cleared is not generated, and
MPIE cleared to0 RDR retains its state
User 0 RDR data read When data is not
processing this station's ID,
MPIE is set to 1
again
(a) When data does not match this receiver's ID
Start Receive Stop Start Receive data Stop Mark state
bit data (ID2) MPB bit bit (Data2) MPB bit  (idle state)
Serial 1 o fpo|D1] |p7z[ 1|1 ]o]pofDt|  [p7]o0 | 1 1
data Tt it
| 1 frame | 1 frame |
|~ > >|
MPIE ’ | ) [
RDRF " / / \ {t
RDR
ID1 ID2 Data2
e [/ X __ \ / X \
LSI RXI interrupt RDRF flag RXlinterrupt RDREF flag
operation request cleared request cleared
MPIE cleared to0 to0
User 0 RDR data read When data is RDR data read
processing this station's MPIE set to 1
ID, reception again
is continued

(b) When data matches this receiver's ID

Figure 15.18 Example of SCI3 Reception Using M ultiprocessor Format
(Examplewith 8-Bit Data, M ultiprocessor Bit, One Stop Bit)
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15.7 Interrupts

The SCI3 creates the following six interrupt requests: transmission end, transmit data empty,
receive data full, and receive errors (overrun error, framing error, and parity error). Table 15.7
shows the interrupt sources.

Table15.7 SCI3Interrupt Requests

Interrupt Requests Abbreviation Interrupt Sources

Receive Data Full RXI Setting RDRF in SSR

Transmit Data Empty TXI Setting TDRE in SSR

Transmission End TEI Setting TEND in SSR

Receive Error ERI Setting OER, FER, and PER in SSR

Theinitia value of the TDRE flag in SSR is 1. Thus, when the TIE bit in SCR3 is set to 1 before
transferring the transmit datato TDR, a TXI interrupt request is generated even if the transmit data
isnot ready. Theinitial value of the TEND flag in SSR is 1. Thus, when the TEIE bit in SCR3 is
set to 1 before transferring the transmit datato TDR, a TEI interrupt request is generated even if
the transmit data has not been sent. It is possible to make use of the most of these interrupt
requests efficiently by transferring the transmit datato TDR in the interrupt routine. To prevent
the generation of these interrupt requests (TXI and TEl), set the enable bits (TIE and TEIE) that
correspond to these interrupt requests to 1, after transferring the transmit datato TDR.
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158 Usage Notes

15.8.1 Break Detection and Processing

When framing error detection is performed, a break can be detected by reading the RxD pin value
directly. In abreak, the input from the RxD pin becomes all Os, setting the FER flag, and possibly
the PER flag. Note that as the SCI3 continues the receive operation after receiving a break, even if
the FER flagiscleared to O, it will be set to 1 again.

1582 Mark Stateand Break Sending

When TE is 0, the TXD pinisused as an I/O port whose direction (input or output) and level are
determined by PCR and PDR. This can be used to set the TxD pin to mark state (high level) or
send a break during serial data transmission. To maintain the communication line at mark state
until TE isset to 1, set both PCR and PDR to 1. As TE is cleared to O at this point, the TxD pin
becomes an /O port, and 1 is output from the TxD pin. To send a break during serial transmission,
first set PCR to 1 and clear PDR to 0, and then clear TE to 0. When TE iscleared to O, the
transmitter isinitialized regardless of the current transmission state, the TxD pin becomes an I/O
port, and O is output from the TxD pin.

15.8.3 Receive Error Flagsand Transmit Operations (Clocked Synchronous Mode Only)

Transmission cannot be started when areceive error flag (OER, PER, or FER) isset to 1, even if
the TDRE flag is cleared to 0. Be sure to clear the receive error flags to 0 before starting
transmission. Note also that receive error flags cannot be cleared to 0 even if the RE hit is cleared
to 0.
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15.84 Receive Data Sampling Timing and Reception Margin in Asynchronous M ode

In asynchronous mode, the SCI3 operates on a basic clock with a frequency of 16 times the
transfer rate. In reception, the SCI3 samples the falling edge of the start bit using the basic clock,
and performs internal synchronization. Receive datais latched internally at the rising edge of the
8th pulse of the basic clock as shown in figure 15.19. Thus, the reception margin in asynchronous
mode is given by formula (1) below.

D-0.5
N

M = {(0.5 - 21_N) - —(L-0.5) F} x 100(%)

... Formula (1)

[Legend]

N: Ratio of bit rate to clock (N = 16)

D: Clock duty (D = 0.5 to 1.0)

L: Frame length (L =9 to 12)

F: Absolute value of clock rate deviation

Assuming values of F (absolute value of clock rate deviation) = 0 and D (clock duty) =0.5in
formula (1), the reception margin can be given by the formula.

M = {0.5 — 1/(2 x 16)} x 100 [%] = 46.875%

However, thisis only the computed value, and a margin of 20% to 30% should be allowed for in
system design.

16 clocks

- |

" 8clocks

0 7 15| 0 7 150
Internal basic
ook UL
Receive data —:LIE E
(RxD) L

Start bit

Synchronization | H " "
sampling timing _t L L

Data sampling ol o]
timing H H

Figure15.19 Receive Data Sampling Timing in Asynchronous M ode
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Section 16 1°C Bus Interface 2 (11C2)

The I°C bus interface 2 conforms to and provides a subset of the Philips I°C bus (inter-1C bus)
interface functions. The register configuration that controls the 1°C bus differs partly from the
Philips configuration, however.

Figure 16.1 shows a block diagram of the I°C bus interface 2.

Figure 16.2 shows an example of 1/O pin connections to external circuits.

16.1 Features

e Selection of I°C format or clocked synchronous serial format
e Continuous transmission/reception

Since the shift register, transmit data register, and receive data register are independent from
each other, the continuous transmission/reception can be performed.

I°C bus format

e Start and stop conditions generated automatically in master mode
e Selection of acknowledge output levels when receiving

e Automatic loading of acknowledge bit when transmitting

e Bit synchronization/wait function

In master mode, the state of SCL is monitored per hit, and the timing is synchronized
automatically.
If transmission/reception is not yet possible, set the SCL to low until preparations are
completed.

e Six interrupt sources

Transmit data empty (including slave-address match), transmit end, receive data full (including
slave-address match), arbitration lost, NACK detection, and stop condition detection

e Direct busdrive

Two pins, SCL and SDA pins, function as NMOS open-drain outputs when the bus drive
function is selected.

Clocked synchronous format
e Four interrupt sources
Transmit-data-empty, transmit-end, receive-data-full, and overrun error
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SCL

SDA

Transfer clock

generation

circuit

Transmission/
reception

ICCR1 E——

Output [ —{ control circuit
control | < ICCR2 - =
A t
ICMR - >
Noise canceler
ICDRT - >
SAR >
Output |- ICDRS
control [
+ \/
Noise canceler Address
comparator
\
ICDRR >
> Bus state
»| decision circuit
A
™ Arbitration -~
decision circuit > ICSR >
[Legend] ICIER >
ICCR1: I’C bus control register 1
ICCR2: I°C bus control register 2

ICMR:
ICSR:
ICIER:

y
Internal data bus

I?C bus mode register
I°C bus status register
I°C bus interrupt enable register

ICDRT: I’C bus transmit data register
ICDRR: I’C bus receive data register
ICDRS: I°C bus shift register

SAR:

Slave address register

> Interrupt
»| generator

—Interrupt request

Figure16.1 Block Diagram of I°C Bus Interface 2
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Vce Vce
SCLin ]SCL SCL
SCL out —|
SDAin 1SDA SDA
SDA out —| al= NE

(Master) SCLin i scLin 2

SCL out —| SCL out —|

SDAin SDAin

SDA out —| SDA out —|

(Slave 1) (Slave 2)

Figure16.2 External Circuit Connectionsof 1/0 Pins

16.2  Input/Output Pins

Table 16.1 summarizes the input/output pins used by the I°C bus interface 2.

Table16.1 Pin Configuration

Name Abbreviation 110 Function
Serial clock SCL I/0 I°C serial clock input/output
Serial data SDA I/0 I’C serial data input/output
Rev. 2.00 Sep. 23, 2005 Page 281 of 444
RENESAS

REJ09B0068-0200




Section 16 I°C Bus Interface 2 (lIC2)

16.3  Register Descriptions
The I°C bus interface 2 has the following registers.

e 1°C bus control register 1 (ICCR1)

e 1°C bus control register 2 (ICCR?2)

e 1°C bus mode register (ICMR)

e |I°C businterrupt enable register (ICIER)
e I°C bus status register (ICSR)

e I°C bus lave addressregister (SAR)

e |I°C bustransmit data register (ICDRT)

e |I°C busreceive dataregister (ICDRR)

e |°C bus shift register (ICDRS)

16.3.1 1°C BusControl Register 1 (ICCR1)

ICCR1 enables or disables the I°C businterface 2, controls transmission or reception, and selects
master or slave mode, transmission or reception, and transfer clock frequency in master mode.

Initial
Bit Bit Name Value R/W Description
7 ICE 0 R/W I?C Bus Interface Enable

0: This module is halted. (SCL and SDA pins are set to
port function.)

1: This bit is enabled for transfer operations. (SCL and
SDA pins are bus drive state.)

6 RCVD 0 R/W Reception Disable

This bit enables or disables the next operation when
TRS is 0 and ICDRR is read.

0: Enables next reception
1: Disables next reception
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Bit

Bit Name Value

Initial

R/W

Description

MST
TRS

0
0

R/W
R/W

Master/Slave Select
Transmit/Receive Select

In master mode with the I°C bus format, when
arbitration is lost, MST and TRS are both reset by
hardware, causing a transition to slave receive mode.
Modification of the TRS bit should be made between
transfer frames.

After data receive has been started in slave receive
mode, when the first seven bits of the receive data
agree with the slave address that is set to SAR and the
eighth bit is 1, TRS is automatically set to 1. If an
overrun error occurs in master mode with the clock
synchronous serial format, MST is cleared to 0 and
slave receive mode is entered.

Operating modes are described below according to
MST and TRS combination. When clocked synchronous
serial format is selected and MST is 1, clock is output.

00: Slave receive mode
01: Slave transmit mode
10: Master receive mode
11: Master transmit mode

o = N W

CKS3
CKS2
CKS1
CKSo0

o O O o

R/W
R/W
R/W
R/W

Transfer Clock Select 310 0

These bits should be set according to the necessary
transfer rate in master mode. In slave mode, these bits
are used to secure the data setup time in transmit
mode. The time is 10 t,, when CKS3is 0,and 20 t_,
when CKS3 is 1. For details on transfer rate, see table
16.2.

RENESAS
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Table16.2 Transfer Rate

Bit3 Bit2 Bitl BitO Transfer Rate

CKS3 CKS2 CKS1 CKSO Clock ¢=5MHz ¢=8MHz ¢=10MHz ¢=16 MHz ¢ =20 MHz

0 0 0 0 /28 179 kHz 286 kHz 357 kHz 571 kHz 714 kHz
1 /40 125 kHz 200 kHz 250 kHz 400 kHz 500 kHz

1 0 /48 104 kHz 167 kHz 208 kHz  333kHz 417 kHz

1 /64 78.1kHz 125 kHz 156 kHz 250 kHz 313 kHz

1 0 0 ¢/80 62.5kHz 100kHz 125kHz 200 kHz 250 kHz

1 ®/100 50.0kHz 80.0kHz 100 kHz 160 kHz 200 kHz

1 0 0/112 446kHz 71.4kHz 89.3kHz 143kHz 179 kHz

1 ®/128 39.1kHz 625kHz 78.1kHz 125kHz 156 kHz

1 0 0 0 /56 89.3kHz 143 kHz 179 kHz 286 kHz 357 kHz
1 /80 62.5kHz 100 kHz 125 kHz 200 kHz 250 kHz

1 0 /96 52.1kHz 83.3kHz 104 kHz 167 kHz 208 kHz

1 ®/128 39.1kHz 625kHz 78.1kHz 125kHz 156 kHz

1 0 0 ®/160 31.3kHz 50.0kHz 625kHz 100kHz 125kHz

1 ®/200 25.0kHz 40.0kHz 50.0kHz 80.0kHz 100 kHz

1 0 0/224 223kHz 357kHz 44.6kHz 714kHz 89.3kHz

1 ¢/256 19.5kHz 31.3kHz 39.1kHz 625kHz 78.1kHz
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1632 1°C BusControl Register 2 (ICCR?2)

|CCR2 issues start/stop conditions, manipul ates the SDA pin, monitors the SCL pin, and controls
reset in the control part of the 1°C bus interface 2.

Initial
Bit Bit Name Value R/W Description
7 BBSY 0 R/W Bus Busy

This bit enables to confirm whether the I°C bus is
occupied or released and to issue start/stop conditions
in master mode. With the clocked synchronous serial
format, this bit has no meaning. With the I°C bus format,
this bit is set to 1 when the SDA level changes from
high to low under the condition of SCL = high, assuming
that the start condition has been issued. This bit is
cleared to 0 when the SDA level changes from low to
high under the condition of SCL = high, assuming that
the stop condition has been issued. Write 1 to BBSY
and 0 to SCP to issue a start condition. Follow this
procedure when also re-transmitting a start condition.
Write 0 in BBSY and 0 in SCP to issue a stop condition.
To issue start/stop conditions, use the MOV instruction.

6 SCP 1 R/W Start/Stop Issue Condition Disable

The SCP bit controls the issue of start/stop conditions in
master mode.

To issue a start condition, write 1 in BBSY and 0 in
SCP. A retransmit start condition is issued in the same
way. To issue a stop condition, write 0 in BBSY and 0 in
SCP. This bit is always read as 1. If 1 is written, the
data is not stored.

5 SDAO 1 R/W SDA Output Value Control

This bit is used with SDAOP when modifying output
level of SDA. This bit should not be manipulated during
transfer.

0: When reading, SDA pin outputs low.
When writing, SDA pin is changed to output low.
1: When reading, SDA pin outputs high.

When writing, SDA pin is changed to output Hi-Z
(outputs high by external pull-up resistance).

Rev. 2.00 Sep. 23, 2005 Page 285 of 444
RENESAS REJ09B0068-0200



Section 16 I°C Bus Interface 2 (lIC2)

Initial

Bit Bit Name Value R/W Description

4 SDAOP 1 R/W SDAO Write Protect
This bit controls change of output level of the SDA pin
by modifying the SDAO bit. To change the output level,
clear SDAO and SDAOP to 0 or set SDAO to 1 and
clear SDAOP to 0 by the MOV instruction. This bit is
always read as 1.

3 SCLO 1 R This bit monitors SCL output level. When SCLO is 1,
SCL pin outputs high. When SCLO is 0, SCL pin
outputs low.

2 — 1 — Reserved
This bit is always read as 1.

1 IICRST O R/W 1IC Control Part Reset
This bit resets the control part except for IC registers. If
this bit is set to 1 when hang-up occurs because of
communication failure during I°C operation, I°C control
part can be reset without setting ports and initializing
registers.

0 — 1 — Reserved

This bit is always read as 1.
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1633  1°C BusMode Register (ICMR)

ICMR selects whether the MSB or LSB istransferred first, performs master mode wait control,

and selects the transfer bit count.

Initial

Bit Bit Name Value R/W Description

7 MLS 0 R/W MSB-First/LSB-First Select
0: MSB-first
1: LSB-first
Set this bit to 0 when the I°C bus format is used.

6 WAIT 0 R/W Wait Insertion Bit
In master mode with the I°C bus format, this bit selects
whether to insert a wait after data transfer except the
acknowledge bit. When WAIT is set to 1, after the fall of
the clock for the final data bit, low period is extended for
two transfer clocks. If WAIT is cleared to 0, data and
acknowledge bits are transferred consecutively with no
wait inserted.
The setting of this bit is invalid in slave mode with the
I?C bus format or with the clocked synchronous serial
format.

5,4 — All 1 — Reserved
These bits are always read as 1.

3 BCWP 1 R/W BC Write Protect

This bit controls the BC2 to BCO modifications. When
modifying BC2 to BCO, this bit should be cleared to 0
and use the MOV instruction. In clock synchronous
serial mode, BC should not be modified.

0: When writing, values of BC2 to BCO are set.
1: When reading, 1 is always read.
When writing, settings of BC2 to BCO are invalid.
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Initial
Bit Bit Name Value R/W Description
2 BC2 0 R/W Bit Counter2to 0
BCA1 0 R/W These bits specify the number of bits to be transferred
0 BCO 0 R/W next. When read, the remaining number of transfer bits

is indicated. With the I°C bus format, the data is
transferred with one addition acknowledge bit. Setting
the BC2 to BCO bits should be made during an interval
between transfer frames. If the BC2 to BCO bits are set
to a value other than 000, the setting should be made
while the SCL pin is low. The value returns to 000 at the
end of a data transfer, including the acknowledge bit.
With the clock synchronous serial format, these bits
should not be modified.
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16.3.4 1°C BusInterrupt Enable Register (ICIER)

ICIER enables or disables interrupt sources and acknowledge bits, sets acknowledge bitsto be
transferred, and confirms acknowledge hits to be received.

Initial
Bit Bit Name Value R/W

Description

7 TIE 0 R/W

Transmit Interrupt Enable

When the TDRE bit in ICSR is set to 1, this bit enables
or disables the transmit data empty interrupt (TXI).

0: Transmit data empty interrupt request (TXI) is
disabled.

1: Transmit data empty interrupt request (TXI) is
enabled.

6 TEIE 0 RW

Transmit End Interrupt Enable

This bit enables or disables the transmit end interrupt
(TEI) at the rising of the ninth clock while the TDRE bit
in ICSR is 1. TEI can be canceled by clearing the TEND
bit or the TEIE bit to 0.

0: Transmit end interrupt request (TEI) is disabled.
1: Transmit end interrupt request (TEI) is enabled.

5 RIE 0 R/W

Receive Interrupt Enable

This bit enables or disables the receive data full
interrupt request (RXI) and the overrun error interrupt
request (ERI) with the clocked synchronous format,
when a receive data is transferred from ICDRS to
ICDRR and the RDRF bit in ICSR is set to 1. RXI can
be canceled by clearing the RDRF or RIE bit to 0.

0: Receive data full interrupt request (RXI) and overrun
error interrupt request (ERI) with the clocked
synchronous format are disabled.

1: Receive data full interrupt request (RXI) and overrun
error interrupt request (ERI) with the clocked
synchronous format are enabled.
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Initial
Bit Bit Name Value R/W Description
4 NAKIE 0 R/W NACK Receive Interrupt Enable
This bit enables or disables the NACK receive interrupt
request (NAKI) and the overrun error (setting of the
OVE bit in ICSR) interrupt request (ERI) with the
clocked synchronous format, when the NACKF and AL
bits in ICSR are set to 1. NAKI can be canceled by
clearing the NACKF, OVE, or NAKIE bit to 0.
0: NACK receive interrupt request (NAKI) is disabled.
1: NACK receive interrupt request (NAKI) is enabled.
3 STIE 0 R/W Stop Condition Detection Interrupt Enable
0: Stop condition detection interrupt request (STPI) is
disabled.
1: Stop condition detection interrupt request (STPI) is
enabled.
2 ACKE 0 R/W Acknowledge Bit Judgement Select
0: The value of the receive acknowledge bit is ignored,
and continuous transfer is performed.
1: If the receive acknowledge bit is 1, continuous
transfer is halted.
1 ACKBR 0 R Receive Acknowledge
In transmit mode, this bit stores the acknowledge data
that are returned by the receive device. This bit cannot
be modified.
0: Receive acknowledge = 0
1: Receive acknowledge = 1
0 ACKBT 0 R/W Transmit Acknowledge

In receive mode, this bit specifies the bit to be sent at
the acknowledge timing.

0: 0 is sent at the acknowledge timing.
1: 1 is sent at the acknowledge timing.
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16.3.5

I’C Bus Status Register (ICSR)

| CSR performs confirmation of interrupt request flags and status.

Bit

Bit Name Value

Initial

R/W

Description

TDRE

0

R/W

Transmit Data Register Empty

[Setting conditions]

e When data is transferred from ICDRT to ICDRS and
ICDRT becomes empty

e When TRS is set

e When a start condition (including re-transfer) has
been issued

e When transmit mode is entered from receive mode
in slave mode

[Clearing conditions]
¢ When 0 is written in TDRE after reading TDRE = 1
¢ When data is written to ICDRT with an instruction

TEND

0

R/W

Transmit End

[Setting conditions]

e When the ninth clock of SCL rises with the I°C bus
format while the TDRE flag is 1

¢ When the final bit of transmit frame is sent with the
clock synchronous serial format

[Clearing conditions]

e When 0 is written in TEND after reading TEND = 1

e When data is written to ICDRT with an instruction

5

RDRF

0

R/W

Receive Data Register Full
[Setting condition]

e When a receive data is transferred from ICDRS to
ICDRR

[Clearing conditions]
e When 0 is written in RDRF after reading RDRF = 1
e When ICDRR is read with an instruction

RENESAS
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Initial
Bit Bit Name Value R/W Description
4 NACKF 0 R/W No Acknowledge Detection Flag
[Setting condition]
e When no acknowledge is detected from the receive
device in transmission while the ACKE bit in ICIER
is 1
[Clearing condition]
e When 0 is written in NACKF after reading NACKF =
1
3 STOP 0 R/W Stop Condition Detection Flag

[Setting Conditions]

e In master mode, when a stop condition is detected
after frame transfer

¢ In slave mode, when a stop condition is detected
after the general call address or the first byte slave
address, next to detection of start condition, accords
with the address set in SAR

[Clearing Condition]

e When 0 is written in STOP after reading STOP =1
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Bit

Initial
Bit Name Value

R/W

Description

2

AL/OVE ©

R/W

Arbitration Lost Flag/Overrun Error Flag

This flag indicates that arbitration was lost in master
mode with the I°C bus format and that the final bit has
been received while RDRF = 1 with the clocked
synchronous format.

When two or more master devices attempt to seize the
bus at nearly the same time, if the I°C bus interface
detects data differing from the data it sent, it sets AL to
1 to indicate that the bus has been taken by another
master.

[Setting conditions]

¢ If the internal SDA and SDA pin disagree at the rise
of SCL in master transmit mode

e When the SDA pin outputs high in master mode
while a start condition is detected

e When the final bit is received with the clocked
synchronous format while RDRF = 1

[Clearing condition]

e When 0 is written in AL/OVE after reading
AL/OVE=1

AAS 0

R/W

Slave Address Recognition Flag

In slave receive mode, this flag is set to 1 if the first
frame following a start condition matches the SVA6 to
SVAO bits in SAR.

[Setting conditions]

e When the slave address is detected in slave receive
mode

o When the general call address is detected in slave
receive mode.

[Clearing condition]

e When 0 is written in AAS after reading AAS=1
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Initial
Bit Bit Name Value R/W Description
0 ADZ 0 R/W General Call Address Recognition Flag

This bit is valid in I°C bus format slave receive mode.

[Setting condition]

o When the general call address is detected in slave
receive mode

[Clearing condition]

e When 0 is written in ADZ after reading ADZ=1

16.3.6 Slave Address Register (SAR)

SAR selects the communication format and sets the slave address. When the chip isin slave mode
with the I°C bus format, if the upper 7 bits of SAR match the upper 7 bits of the first frame
received after astart condition, the chip operates as the slave device.

Initial
Bit Bit Name Value R/W Description
7to1 SVA6to AllO R/W Slave Address 6 to 0
SVAO These bits set a unique address, differing from the
addresses of other slave devices connected to the I’'C
bus.
0 FS 0 R/W Format Select

0: I°C bus format is selected.
1: Clocked synchronous serial format is selected.
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16.3.7 1°C Bus Transmit Data Register (ICDRT)

ICDRT is an 8-hit readable/writable register that stores the transmit data. When ICDRT detects the
space in the shift register (ICDRS), it transfers the transmit data which iswritten in ICDRT to
ICDRS and starts transferring data. If the next transfer datais written to ICDRT during
transferring data of ICDRS, continuous transfer is possible. If the MLS bitin ICMR isset to 1 and
when the datais written to ICDRT, the MSB/LSB inverted datais read. Theinitial value of

ICDRT isH'FF.

16.3.8 I°C BusReceive Data Register (ICDRR)

ICDRR is an 8-hit register that stores the receive data. When data of one byte isreceived, ICDRR
transfers the recelve data from ICDRS to ICDRR and the next data can be received. ICDRR isa
receive-only register, therefore the CPU cannot write to thisregister. Theinitial value of ICDRR is
H'FF.

163.9 1°C Bus Shift Register (ICDRS)

ICDRS is aregister that is used to transfer/receive data. In transmission, datais transferred from
ICDRT to ICDRS and the data is sent from the SDA pin. In reception, datais transferred from
ICDRSto ICDRR after data of one byte is received. This register cannot be read directly from the
CPU.
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164 Operation

The I°C bus interface 2 can communicate either in 1°C bus mode or clocked synchronous serial
mode by setting the FS bit in SAR.

16.4.1 1°C BusFormat

Figure 16.3 shows the I°C bus formats. Figure 16.4 shows the I°C bus timing. The first frame
following a start condition always consists of 8 bits.

(a) I2C bus format (FS = 0)

[ s s |rw[a]| pata [ A ] [aa] P |
}:1 P st L st LN 0 ple 1;} |<1—><l>| n: Transfer bit count
1 m (n=11t08)
< > > m: Transfer frame count
(m=1)

(b) 12C bus format (Start condition retransmission, FS = 0)
[s] sta Jrw[ A pata | [WA] s sta [rw][ A | pata | [aa] 7]
1, 7 1,1, A, 1, 7 1,1, m A 1
| I e e Lo B I B I B B Ll R I B I > ||

- ! >t mi > - ! > m2 >

n1 and n2: Transfer bit count (n1 and n2 = 1 to 8)
m1 and m2: Transfer frame count (m1 and m2 > 1)

Figure 16.3 1°C BusFormats

soa TA AL X O /N O /N XN
sot T/ A\ /A /oA /A A\ /e A\ /A /T
L 1 L IL _II ] L IL ] L IL ]

S SLA RW A DATA A DATA A P

Figure16.4 1°C BusTiming

Rev. 2.00 Sep. 23, 2005 Page 296 of 444
REJ09B0068-0200 RENESAS



Section 16 I°C Bus Interface 2 (IIC2)

[Legend]
S: Start condition. The master device drives SDA from high to low while SCL is high.
SLA: Slave address

R/W: In@ates the direction of data transfer: from the slave device to tﬂe master device when
R/W is 1, or from the master device to the slave device when R/W is 0.

A: Acknowledge. The receive device drives SDA to low.
DATA: Transfer data
P: Stop condition. The master device drives SDA from low to high while SCL is high.

16.4.2 Master Transmit Operation

In master transmit mode, the master device outputs the transmit clock and transmit data, and the
slave device returns an acknowledge signal. For master transmit mode operation timing, see
figures 16.5 and 16.6. The transmission procedure and operations in master transmit mode are
described below.

1. SetthelCEbitinICCR1to 1. Set the MLS and WAIT bitsin ICMR and the CKS3 to CKS0
bitsin ICCR1 to 1. (Initial setting)

2. Read the BBSY flagin ICCR2 to confirm that the bus is free. Set the MST and TRS bitsin
ICCRL1 to select master transmit mode. Then, write 1 to BBSY and 0 to SCP using MOV
instruction. (Start condition issued) This generates the start condition.

3. After confirming that TDRE in ICSR has been set, write the transmit data (the first byte data
show the slave address and R/W) to ICDRT. At thistime, TDRE is automatically cleared to 0,
and datais transferred from ICDRT to ICDRS. TDRE is set again.

4. When transmission of one byte datais completed while TDRE is1, TEND inICSRissetto 1
at the rise of the 9th transmit clock pulse. Read the ACKBR bit in ICIER, and confirm that the
slave device has been selected. Then, write second byte datato ICDRT. When ACKBR is 1,
the slave device has not been acknowledged, so issue the stop condition. To issue the stop
condition, write 0 to BBSY and SCP using MOV instruction. SCL isfixed low until the
transmit datais prepared or the stop condition is issued.

5. Thetransmit data after the second byte is written to ICDRT every time TDRE is set.

6. Write the number of bytes to be transmitted to ICDRT. Wait until TEND is set (the end of last
byte data transmission) while TDRE is 1, or wait for NACK (NACKF in ICSR = 1) from the
receive devicewhile ACKE in ICIER is 1. Then, issue the stop condition to clear TEND or
NACKF.

7. When the STOP bit in ICSR is set to 1, the operation returns to the slave receive mode.
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SCL -
(Master output) 1 2 3 4 5 6 7 8 9 1 2
SDA
(Master output) \| /sit7 XBite XBit5 X Bit4 X Bit3 X Bit2 X Bit1 X Bit 0 / Bit7 X Bit6
y
r {7 Slave address
SDA
(Slave output) I
TDRE
A
TEND /
ICDRT B! Address + RIW [/ ata 1\ { \Data 2
ICDRS Address + RAW [/ X Data 1\ \|
User  [2] Instruction of start [4] Write data to ICDRT (second byte) \
rocessin iti i
P 9 condition issuance i vy e gata to ICDRT (first byte) [5] Write data to ICDRT (third byte)

Figure16.5 Master Transmit Mode Operation Timing (1)

SCL
(Master output) 9 1 2 3 4 5 6

7 8 9
SDA \

(Master output) _/ \B|t7 XB|t 6 XB|t5 X Bit 4 X Bit 3 X Bit 2 X Bit 1 X Bit 0 / \ /
! f

SDA /

(Slave output)

TDRE

\_\_/
!
TEND / P

ICDRT |

Data n ] /

ICDRS X Datan ]/

| ;/
User [5] Write data to ICDRT [6] Issue stop condition. Clear TEND.
processing

[7] Set slave receive mode

Figure16.6 Master Transmit Mode Operation Timing (2)
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16.4.3 Master Receive Operation

In master receive mode, the master device outputs the receive clock, receives datafrom the slave
device, and returns an acknowledge signal. For master receive mode operation timing, see figures
16.7 and 16.8. The reception procedure and operations in master receive mode are shown below.

1.

Clear the TEND bit in ICSR to 0, then clear the TRS bit in ICCR1 to 0 to switch from master
transmit mode to master receive mode. Then, clear the TDRE bit to 0.

When ICDRR is read (dummy data read), reception is started, and the receive clock is output,
and datareceived, in synchronization with the internal clock. The master device outputs the
level specified by ACKBT in ICIER to SDA, at the 9th receive clock pulse.

After the reception of first frame datais completed, the RDRF bit in ICST isset to 1 at therise
of 9th receive clock pulse. At thistime, the receive dataisread by reading ICDRR, and RDRF
iscleared to O.

The continuous reception is performed by reading ICDRR every time RDRF is set. If 8th
receive clock pulsefals after reading ICDRR by the other processing while RDRF is 1, SCL is
fixed low until ICDRR isread.

If next frame isthe last receive data, set the RCVD bit in ICCR1 to 1 before reading ICDRR.
This enables the issuance of the stop condition after the next reception.

When the RDRF hit is set to 1 at rise of the 9th receive clock pulse, issue the stage condition.
When the STOP hit in ICSR is set to 1, read ICDRR. Then clear the RCVD hit to 0.

The operation returns to the slave receive mode.
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I
Master transmit mode <«—— | —Master receive mode

SCL
(Master output)

SDA

SDA
(Slave output)

TDRE

TEND

TRS

RDRF

ICDRS

ICDRR

User
processing

(Master output) _/ E \ \.A_/

“\_|a [+ \Bitz Xaite Xaits ((mita (Bt Y B2 \ Bit1 ((Bito [ gz X
Ry

/|

; X \ Data1\]
A i

\ X Data 1

Y ' [3] Read ICDRR
[1] Clear TDRE after clearing [2] Read ICDRR (dummy read)
TEND and TRS

Figure16.7 Master Receive Mode Operation Timing (1)
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SCL
(Master output) 9 1 2 3 4 5 6 7 8 9
SDA -
(Master output) \ A / \ AA / \
5
(Slavzzﬁmut) _/ \ [it7 X Bite X Bits X Bit4 X Bit3 X Bit2 X Bit1 X Bito / /
RORF | [ ,{_
i
RCVD [ /.L
\
ICDRS  Data n-1 ] \ \ Datan ﬂ
RN ]
ICDRR Xbatan1 \] X Datan |
User
processing [5] Read ICDRR after setting RCVD [7] Read ICDRR, [6] Issue stop v
and clear RCVD condition  [8] Set slave

receive mode

Figure16.8 Master Receive Mode Operation Timing (2)

16.4.4  Slave Transmit Operation

In slave transmit mode, the slave device outputs the transmit data, while the master device outputs
the receive clock and returns an acknowledge signal. For slave transmit mode operation timing,
see figures 16.9 and 16.10.

The transmission procedure and operations in slave transmit mode are described below.

1. SetthelCEbitinICCR1to 1. Set the MLS and WAIT bitsin ICMR and the CKS3 to CKS0
bitsin ICCR1 to 1. (Initial setting) Set the MST and TRS hitsin ICCRL1 to select slave receive
mode, and wait until the slave address matches.

2. When the dlave address matches in the first frame following detection of the start condition,
the slave device outputs the level specified by ACKBT in ICIER to SDA, at therise of the 9th
clock pulse. At thistime, if the 8th bit data (R/W) is 1, the TRS and ICSR bitsin ICCR1 are
set to 1, and the mode changes to slave transmit mode automatically. The continuous
transmission is performed by writing transmit datato ICDRT every time TDRE is set.

3. If TDRE is set after writing last transmit datato ICDRT, wait until TEND in ICSRissetto 1,
with TDRE = 1. When TEND is set, clear TEND.

4. Clear TRSfor the end processing, and read ICDRR (dummy read). SCL isfree.

5. Clear TDRE.

Rev. 2.00 Sep. 23, 2005 Page 301 of 444
RENESAS REJ09B0068-0200




Section 16 I°C Bus Interface 2 (lIC2)

Slave receive mode —— | — Slave transmit mode
|

SCL
(Master output)
SDA
(Master output)
SCL
(Slave output)

SDA —/\
(Slave output)

TDRE

TEND

TRS

ICDRT

ICDRS

_J/

A/ \Bit7 XBit6 X Bit5 X Bit4 X Bit3 X Bit2 X Bit1 X Bito /

\ &7 )

1

|

—

|

— |

/ X4 Data 1

Data 2 Pata 3

!
/

Ypata 2| |

T

|

/

| [7X— oaar
iy l

ICDRR

User
processing

X/

/

N

[2] Write data to ICDRT (data 1)

[2] Write data to ICDRT (data 2)

[2] Write data to ICDRT (data 3)

Figure16.9 Save Transmit Mode Operation Timing (1)
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Slave receive
. mode

SCL
(Master output)

SDA
(Master output) _\_A_/

SCL
(Slave output)

SDA \Bit7 XBite XBit5 X Bit4 X Bit3 X Bit2 X Bit1 X Bito /

(Slave output)

TDRE

TEND

TRS

ICDRT

ICDRS XY Datan

ICDRR

User !

processing [3]Clear TEND  [4]Read ICDRR (dummy read) [5] Clear TDRE
after clearing TRS

Figure16.10 Slave Transmit Mode Operation Timing (2)
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16.45 Slave Receive Operation

In slave receive mode, the master device outputs the transmit clock and transmit data, and the
slave device returns an acknowledge signal. For slave receive mode operation timing, see figures
16.11 and 16.12. The reception procedure and operations in slave receive mode are described
below.

1.

Set the ICE bit in ICCR1 to 1. Set the MLS and WAIT bitsin ICMR and the CKS3 to CKS0
bitsin ICCR1 to 1. (Initial setting) Set the MST and TRS bitsin ICCR1 to select slave receive
mode, and wait until the slave address matches.

When the slave address matches in the first frame following detection of the start condition,
the slave device outputs the level specified by ACKBT in ICIER to SDA, at therise of the 9th
clock pulse. At the same time, RDRF in ICSR is set to read ICDRR (dummy read). (Since the
read data show the slave address and R/W, it is not used.)

Read ICDRR every time RDRF is set. If 8th receive clock pulse fallswhile RDRFis 1, SCL is
fixed low until ICDRR isread. The change of the acknowledge before reading ICDRR, to be
returned to the master device, is reflected to the next transmit frame.

The last byte datais read by reading ICDRR.

scL
(Master output) 9 AW AWAWAWAWAWAWAWAWE
SDA
(Master output) __/ \ sit7 X ite X(Bits ((mita N(mita Xtz X1 X Bro/  \Bitz \_
scL
(Slave output)

SDA
(Slave output) _\_A_/ \L/_
RDRF \ | \ |

ICDRS ) | | XDbatat \ XrData2
| |
ICDRR X 1] X | /pata 1
User v /
processing [2] Read ICDRR (dummy read) [2] Read ICDRR

Figure16.11 Slave Receive Mode Operation Timing (1)
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SCL
(Master output) 9 1 2 3 4 5 6 7 8 9

SDA

(Master output) __/ \ Bit7 X Bit6 X Bit5 X Bit4 X Bit3 X Bit2 X Bit1 X Bito / \_/—
scL

(Slave output) __/

SDA
(Slave output) _\_A_/ \
RDRF )( P\ |

ICDRS r] X Data 1 \ / \]\ XData 2

VA
ICDRR X \ [ X \Datat

User \/ v

processing [3] Set ACKBT  [3] Read ICDRR [4] Read ICDRR

Figure16.12 Slave Receive Mode Operation Timing (2)

16.4.6 Clocked Synchronous Serial For mat

This module can be operated with the clocked synchronous serial format, by setting the FS bit in
SARto 1. When the MST bit in ICCR1 is 1, the transfer clock output from SCL is selected. When
MST is0, the external clock input is selected.

(1) DataTransfer Format
Figure 16.13 shows the clocked synchronous serial transfer format.

The transfer datais output from the rise to the fall of the SCL clock, and the data at the rising edge
of the SCL clock is guaranteed. The MLS bit in ICMR setsthe order of data transfer, in either the
MSB first or LSB first. The output level of SDA can be changed during the transfer wait, by the
SDAOQ hitin ICCR2.

SDA XBitOXBit1XBit2XBit3XBit4XBit5XBit6X Bit 7

Figure16.13 Clocked Synchronous Serial Transfer Format
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(2) Transmit Operation

In transmit mode, transmit data is output from SDA, in synchronization with the fall of the transfer
clock. Thetransfer clock is output when MST in ICCR1 is 1, and isinput when MST is 0. For
transmit mode operation timing, see figure 16.14. The transmission procedure and operationsin
transmit mode are described below.

1. SetthelCE bitinICCR1to 1. Set the MST and CKS3 to CKS0 bitsin ICCR1 to 1. (Initial
Setting)

2. Setthe TRShit in ICCRL1 to select the transmit mode. Then, TDRE in ICSR is s&t.

3. Confirm that TDRE has been set. Then, write the transmit datato ICDRT. The datais
transferred from ICDRT to ICDRS, and TDRE is set automatically. The continuous
transmission is performed by writing datato ICDRT every time TDRE is set. When changing
from transmit mode to receive mode, clear TRS while TDRE is 1.

scL 1 2 7 8 1 7 8 1
(osu?;ﬁn) \ Bito J Bit1 | é Y Bite Y Bit7 X Bito X zé Y Bite Y Bit7 XBitOX:
TRS
TDRE . 7
H L L\
icort | [[X] Dhtat/{ . Datd|2 . \ ta 3
|1/ \ J/ . . /AR
icors | )/ X \J/ Dami Data2 \ [/ X Dxgp
/ ‘// ¥/ i 7 ¥/ i
User
processing [3] Write data [3] Write data [3] Write data  [3] Write data
t0 ICDRT to ICDRT to ICDRT to ICDRT
[2] Set TRS

Figure16.14 Transmit Mode Operation Timing
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(3) Receive Operation

In receive mode, datais latched at the rise of the transfer clock. The transfer clock is output when
MST inICCR1is 1, and isinput when MST is 0. For receive mode operation timing, see figure
16.15. The reception procedure and operations in receive mode are described below.

1. SetthelCE bitinICCR1to 1. Set the MST and CKS3 to CKS0 bitsin ICCR1 to 1. (Initial

Setting)

When the transfer clock is output, set MST to 1 to start outputting the receive clock.

3. When the receive operation is completed, datais transferred from ICDRS to ICDRR and
RDRF in ICSR is set. When MST = 1, the next byte can be received, so the clock is
continually output. The continuous reception is performed by reading ICDRR every time
RDREF is set. When the 8th clock isrisen while RDRF is 1, the overrun is detected and
AL/OVE inICSRisset. At thistime, the previous reception datais retained in ICDRR.

4. To stop receiving when MST = 1, set RCVD in ICCR1 to 1, then read ICDRR. Then, SCL is
fixed high after receiving the next byte data.

N

SCL \ /1\ /2\ / 7 8 1 7 8 1 2
(I?]E:\t) \ Bito J Bit1 } E ) Bite ) Bit7 Y Bito X E X Bite X Bit7 XBitOX:
PA PA

MST

—_— «
|

RDRF . | | .
I 4 f v
L K
ICDRS [ X Datai [pata2 Datg/3
; P ; Y 7
I % \ % ¢
ICDRR | ] X |/ oDpatar ] ) l/:}éta 2
User \ \
processing (2] SetMST [3] Read ICDRR [3] Read ICDRR

(when outputting the clock)

Figure16.15 Receive Mode Operation Timing
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16.4.7 Noise Canceler

Thelogic levels at the SCL and SDA pins are routed through noise cancelers before being latched
internally. Figure 16.16 shows a block diagram of the noise canceler circuit.

The noise canceler consists of two cascaded latches and a match detector. The SCL (or SDA)
input signal is sampled on the system clock, but is not passed forward to the next circuit unless the
outputs of both latches agree. If they do not agree, the previous value is held.

Sampling clock

\

V ¥
C C
.SCL or SDA D D
input signal
Latch Latch
System clock
| period
-

Sampling
clock

s

March detector

Internal
— SCL or SDA
signal

s

Figure16.16 Block Diagram of Noise Conceler

16.4.8 Example of Use

Flowcharts in respective modes that use the I°C bus interface are shown in figures 16.17 to 16.20.
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Initialize

| ReadBBSYinICCR2 |

No —"BBSY=07

Yes

[1]  Test the status of the SCL and SDA lines.

[2] Set master transmit mode.

[3] Issue the start candition.

Set MST and TRS

in ICCRI 1o 1 [2] [41 Setthe first byte (slave address + R/W) of transmit data.
in 01.

Write 1 to BBSY

3] [5] Wait for 1 byte to be transmitted.
and 0 to SCP.

4] [6] Test the acknowledge transferred from the specified slave device.
in ICDRT

[7]  Set the second and subsequent bytes (except for the final byte) of transmit data.

|  Read TENDinICSR |
R
Yes
|

|__Read ACKBR in ICIER

[5] [8] Waitfor ICDRT empty.

[9] Set the last byte of transmit data.

[6] [10] Wait for last byte to be transmitted.

|
]
]
Wiite transmit data ]
|
|

ACKBR=0 ?

[11] Clear the TEND flag.
Yes

][7] [12] Clear the STOP flag.

I Read TDRE in ICSR I [13] Issue the stop condition.

No 18] . ! -
[14] Wait for the creation of stop condition.

. [15] Set slave receive mode. Clear TDRE.

>
19

Yes
| write transmit data in ICDRT |
—] =
Read TEND in ICSR

| |
No @ [10]
Yes -
] Juu

|  clearsTOPInICSR | ][12]

Write 0 to BBSY
and SCP ] (13

| Clear TEND in ICSR
:

|  ReadSTOPinICSR |

[14]
Yes -
Set MST to 1 and TRS
to 0in ICCR1 115]

| cClear TDREinICSR |

Figure16.17 Sample Flowchart for Master Transmit Mode
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" Mater receive mode "

| [1] Clear TEND, select master receive mode, and then clear TDRE.*
| Clear TENDinICSR |
Il

| Clear TRSin ICCR1t0 0 |
Il

(1 [2] Set acknowledge to the transmit device.*
4

[8] Dummy-read ICDDR.*

|_Clear TDREinICSR |
1

Clear ACKBT in ICIER to 0

I
| Dummy-read ICDRR |

2] [4] Wait for 1 byte to be received

- [5] Check whether it is the (last receive - 1).

[6] Read the receive data last.

| Read RDRFinICSR |

4] [7] Set acknowledge of the final byte. Disable continuous reception (RCVD = 1).

[8] Read the (final byte - 1) of receive data.

5] [9] Wait for the last byte to be receive.

[10] Clear the STOP flag.

6]

S [y S [ S A E— ) SO

[11] Issue the stop condition.

- [12] Wait for the creation of stop condition.
Set ACKBT in ICIER to 1

| [7]
| Set RCVD in ICCR1 to 1 | [14] Clear RCVD.

|
I Read ICDRR | :l 8] [15] Set slave receive mode.

— -

| Read RDRFinICSR |

Yes
| ClearsTOPInICSR. | ][10]
Il

[13] Read the last byte of receive data.

and SCP (1

—Pl
| Read STOPinICSR |

Yes

| Read ICDRR |
1

Clear RCVD in ICCR1 to 0
I
Clear MST in ICCR1 to 0 |

| Write 0 to BBSY |

[13]

14

Note: When one byte is received, steps [2] to [6] are skipped after step [1],
before jumping to step [7].
Step [8] is dummy-read in ICDRR.
* Do not activate an interrupt during the execution of steps [1] to [3].

[18]

| IS S E—

End

Figure 16.18 Sample Flowchart for Master Receive Mode
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|| Slave transmit mode || [1] Clear the AAS flag.

T
[ Clear AAS in ICSR | :l (1] [2] Set transmit data for ICDRT (except for the last data).

R

Write transmit data 2] [3] Wait for ICDRT empty.
in ICDRT )
| - [4] Set the last byte of transmit data.
[ Read TDRE in ICSR | [5] Wait for the last byte to be transmitted.
No [3]
[6] Clearthe TEND flag .
Yes : [7] Set slave receive mode.
No .
$ [8] Dummy-read ICDRR to release the SCL line.
4
Yes ) [9] Clear the TDRE flag.
Write transmit data
in ICDRT
—
| Read TENDinICSR |
No @ [5]

Yes
[ ClearTENDinICSR__| | 6]
[ ClearTRs WICORT 100 | Jm
[ Dummy oad ICDRR G
[ Cioar TORE 1 IGSR | e
End

Figure16.19 Sample Flowchart for Slave Transmit Mode
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" Slave receive mode "
I

| clearaasinicsr |
|

Clear ACKBT in ICIER to 0
|
I Dummy-read ICDRR I

—_—
——————

| ReadRDRFinICSR |

Set ACKBT in ICIER to 1

| Read ICDRR |

]

| Read RDRFinICSR |

>

Yes
| Read ICDRR |

1L

7 3 1 L1

1

(2]

(3]

[4]

(5]

6]

(71

(8]

[9]

[10]

[
[2]
[3]
[4]
5]
[6]
[71
(8]
9]

Clear the AAS flag.

Set acknowledge to the transmit device.
Dummy-read ICDRR.

Wait for 1 byte to be received.

Check whether it is the (last receive - 1).
Read the receive data.

Set acknowledge of the last byte.

Read the (last byte - 1) of receive data.

Wait the last byte to be received.

[10] Read for the last byte of receive data.

Note: When one byte is received, steps [2] to [6] are skipped after step [1], before jumping to step [7].

Step [8] is dummy-read in ICDRR.

Figure 16.20 Sample Flowchart for Slave Receive Mode
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16.5 Interrupt Requests

There are six interrupt requests in this module; transmit data empty, transmit end, receive datafull,
NACK receive, STOP recognition, and arbitration lost/overrun error. Table 16.3 shows the
contents of each interrupt request.

Table16.3 Interrupt Requests

Interrupt Request Abbreviation Interrupt Condition I’C Mode g/?]i:kher(inous Mode
Transmit Data Empty TXI (TDRE=1) - (TIE=1) o ¢}
Transmit End TEI (TEND=1) - (TEIE=1) © o
Receive Data Full RXI (RDRF=1) - (RIE=1) o o
STOP Recognition STPI (STOP=1) -(STIE=1) o© X
NACK Receive NAKI {(NACKF=1)+(AL=1)}. © X
Arbitration (NAKIE=1) o o

Lost/Overrun Error

When interrupt conditions described in table 16.3 are 1 and the | bit in CCR is 0, the CPU
executes an interrupt exception processing. Interrupt sources should be cleared in the exception
processing. TDRE and TEND are automatically cleared to 0 by writing the transmit data to
ICDRT. RDRF are automatically cleared to O by reading ICDRR. TDRE is set to 1 again at the
same time when transmit data is written to ICDRT. When TDRE is cleared to O, then an excessive
data of one byte may be transmitted.
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16.6  Bit Synchronous Circuit

In master mode, this module has a possibility that high level period may be short in the two states
described below.

e When SCL isdriven to low by the slave device

e When therising speed of SCL islowered by the load of the SCL line (load capacitance or pull-
up resistance)

Therefore, it monitors SCL and communicates by bit with synchronization.

Figure 16.21 shows the timing of the bit synchronous circuit and table 16.4 shows the time when
SCL output changes from low to Hi-Z then SCL is monitored.

SCL monitor | ! | | | |
timing reference ' :

clock

SCL : Vin “‘ __.J:"‘ \
' M e, L. '
1 &
' T o=
- : § |
Internal SCL 4éj ."'"""""""""'.'.

Figure16.21 Timing of Bit Synchronous Cir cuit

Table16.4 Timefor Monitoring SCL

CKS3 CKS2 Time for Monitoring SCL
0 0 7.5 teyc

1 19.5 teyc
1 0 17.5 toyc

1 41.5 teyc
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16.7  Usage Notes

16.7.1  Issue (Retransmission) of Start/Stop Conditions

In master mode, when the start/stop conditions are issued (retransmitted) at the specific timing
under the following condition 1 or 2, such conditions may not be output successfully. To avoid
this, issue (retransmit) the start/stop conditions after the fall of the ninth clock is confirmed. Check
the SCLO bit in the I°C control register 2 (IICR2) to confirm the fall of the ninth clock.

1. When therising of SCL falls behind the time specified in section 16.6, Bit Synchronous
Circuit, by the load of the SCL bus (load capacitance or pull-up resistance)

2. When the hit synchronous circuit is activated by extending the low period of eighth and ninth
clocks, that is driven by the dlave device

16.7.2  WAIT Settingin 1°C BusMode Register (ICMR)

If the WAIT bit isset to 1, and the SCL signal isdriven low for two or more transfer clocks by the
slave device at the eighth and ninth clocks, the high period of ninth clock may be shortened. To
avoid this, set the WAIT bitin ICMR to 0.
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Section 17 A/D Converter

17.1 Features

10-bit resolution

Eight input channels

Conversiontime: at least 3.5 s per channel (at 20-MHz operation)
Two operating modes

— Single mode: Single-channel A/D conversion

— Scan mode: Continuous A/D conversion on 1 to 4 channels
Four dataregisters

— Conversion results are held in a data register for each channel
Sample-and-hold function

Two conversion start methods

— Software

— External trigger signa

Interrupt request

— An A/D conversion end interrupt (ADI) request can be generated

This LSl includes a successive approximation type 10-bit A/D converter that allows up to eight
analog input channels to be selected. The block diagram of the A/D converter is shown in figure
17.1.

ADCMS32A_000020020200
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AVge —

10-bit D/A K|

Successive approximations

ANQ —>|
AN1—>
AN2 —»-
AN3 —>|
AN4 —>|
AN5 —|
ANG6 —»|

AN7 —»|

Analog multiplexer

Sample-and-
hold circuit

—>

ADTRG

[Legend]

ADCR: A/D control register
ADCSR: A/D control/status register
ADDRA: A/D data register A
ADDRB: A/D data register B
ADDRC: A/D data register C
ADDRD: A/D data register D

Module data bus Internal data bus
]
&
£
ATATARARONON
£
(2}
=
m
= AlAlA|A AlA
2 D|D|D|D DID| —
2 p|bp| DD clc
1 R|R|R|R S| R
A|lB|C|D R
. : =>—> - 0/4
' P Control circuit
-— /8

|—»ADI

interrupt

Figure17.1 Block Diagram of A/D Converter
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Section 17 A/D Converter

17.2  Input/Output Pins

Table 17.1 summarizes the input pins used by the A/D converter. The eight analog input pins are
divided into two groups; analog input pins 0 to 3 (ANO to AN3) comprising group 0, analog input
pins4to 7 (AN4 to AN7) comprising group 1. The AVcc pin is the power supply pin for the
analog block in the A/D converter.

Table17.1 Pin Configuration

Pin Name Abbreviation 110 Function

Analog power supply pin AVcc Input Analog block power supply
Analog input pin 0 ANO Input Group 0 analog input
Analog input pin 1 AN1 Input

Analog input pin 2 AN2 Input

Analog input pin 3 AN3 Input

Analog input pin 4 AN4 Input Group 1 analog input
Analog input pin 5 AN5 Input

Analog input pin 6 AN6 Input

Analog input pin 7 AN7 Input

A/D external trigger input pin  ADTRG Input External trigger input for starting

A/D conversion
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17.3  Register Descriptions
The A/D converter has the following registers.

e A/D dataregister A (ADDRA)

e A/D dataregister B (ADDRB)

e A/D dataregister C (ADDRC)

e A/D dataregister D (ADDRD)

e A/D control/status register (ADCSR)
e A/D control register (ADCR)

17.31 A/D Data RegistersA to D (ADDRA to ADDRD)

There are four 16-bit read-only ADDR registers; ADDRA to ADDRD, used to store the results of
A/D conversion. The ADDR registers, which store a conversion result for each analog input
channel, are shown in table 17.2.

The converted 10-bit datais stored in bits 15 to 6. The lower 6 bits are always read as 0.

The data bus width between the CPU and the A/D converter is 8 bits. The upper byte can be read
directly from the CPU, however the lower byte should be read via a temporary register. The
temporary register contents are transferred from the ADDR when the upper byte datais read.
Therefore byte accessto ADDR should be done by reading the upper byte first then the lower one.
Word access is also possible. The ADDR isinitialized to H'0000.

Table17.2 Analog Input Channelsand Corresponding ADDR Registers

Analog Input Channel

Group 0 Group 1 A/D Data Register to be Stored Results of A/D Conversion
ANO AN4 ADDRA
AN1 AN5 ADDRB
AN2 ANG6 ADDRC
AN3 AN7 ADDRD
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17.3.2

A/D Control/Status Register (ADCSR)

ADCSR consists of the control bits and conversion end status bits of the A/D converter.

Initial
Bit Bit Name Value R/W Description
7 ADF 0 R/W A/D End Flag
[Setting conditions]
e When A/D conversion ends in single mode
e When A/D conversion ends once on all the
channels selected in scan mode
[Clearing condition]
e When 0 is written after reading ADF =1
6 ADIE 0 R/W A/D Interrupt Enable
A/D conversion end interrupt request (ADI) is enabled
by ADF when this bit is set to 1
5 ADST 0 R/W A/D Start
Setting this bit to 1 starts A/D conversion. In single
mode, this bit is cleared to 0 automatically when
conversion on the specified channel is complete. In
scan mode, conversion continues sequentially on the
specified channels until this bit is cleared to 0 by
software, a reset, or a transition to standby mode.
4 SCAN 0 R/W Scan Mode
Selects single mode or scan mode as the A/D
conversion operating mode.
0: Single mode
1: Scan mode
3 CKS 0 R/W Clock Select

Selects the A/D conversions time.
0: Conversion time = 134 states (max.)
1: Conversion time = 70 states (max.)

Clear the ADST bit to 0 before switching the conversion
time.

RENESAS
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Initial
Bit Bit Name Value R/W Description
2 CH2 0 R/W Channel Select 2 to 0
CH1 0 R/W Select analog input channels.

0 CHO 0 R/W When SCAN =0 When SCAN = 1
000: ANO 000: ANO
001: AN1 001: ANO and AN1
010: AN2 010: ANO to AN2
011: AN3 011: ANO to AN3
100: AN4 100: AN4
101: AN5 101: AN4 and AN5
110: AN6 110: AN4 to AN6
111: AN7 111: AN4 to AN7

17.3.3 A/D Control Register (ADCR)

ADCR enables A/D conversion started by an external trigger signal.

Initial

Bit Bit Name Value R/W Description

7 TRGE 0 R/W Trigger Enable
A/D conversion is started at the falling edge and the
rising edge of the external trigger signal (ADTRG)
when this bit is set to 1.
The selection between the falling edge and rising edge
of the external trigger pin (ADTRG) conforms to the
WPEGS bit in the interrupt edge select register 2
(IEGR2)

6to1 — All 1 — Reserved
These bits are always read as 1.

0 — 0 R/W Reserved

Although this bit is readable/writable, it should not be
setto 1.
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174  Operation

The A/D converter operates by successive approximation with 10-bit resolution. It has two
operating modes; single mode and scan mode. When changing the operating mode or analog input
channel, in order to prevent incorrect operation, first clear the ADST bit in ADCSR to 0. The
ADST bit can be set at the same time as the operating mode or analog input channel is changed.

1741 SingleMode

In single mode, A/D conversion is performed once for the analog input of the specified single
channel asfollows:

1. A/D conversion is started when the ADST bit in ADCSR is set to 1, according to software or
external trigger input.

2. When A/D conversion is completed, the result is transferred to the corresponding A/D data
register of the channel.

3. On completion of conversion, the ADF bitin ADCSR issetto 1. If the ADIE bitissetto 1 at
thistime, an ADI interrupt request is generated.

4. The ADST bit remains set to 1 during A/D conversion. When A/D conversion ends, the ADST
bit is automatically cleared to 0 and the A/D converter enters the wait state.

17.4.2 Scan Mode

In scan mode, A/D conversion is performed sequentially for the analog input of the specified
channels (four channels maximum) as follows:

1. Whenthe ADST hitin ADCSR is set to 1 by software or externa trigger input, A/D
conversion starts on the first channel in the group (ANO when CH2 = 0, AN4 when CH2 = 1).

2. When A/D conversion for each channel is completed, the result is sequentially transferred to
the A/D data register corresponding to each channel.

3. When conversion of al the selected channels is completed, the ADF flagin ADCSR is set to 1.
If the ADIE hit isset to 1 at thistime, an ADI interrupt requested is generated. A/D conversion
starts again on the first channel in the group.

4. The ADST hit is not automatically cleared to 0. Steps[2] and [3] are repeated aslong as the
ADST bit remains set to 1. When the ADST bit is cleared to 0, A/D conversion stops.
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17.4.3 Input Sampling and A/D Conversion Time

The A/D converter has a built-in sample-and-hold circuit. The A/D converter samples the analog
input when the A/D conversion start delay time (t,) has passed after the ADST bit is set to 1, then
starts conversion. Figure 17.2 shows the A/D conversion timing. Table 17.3 showsthe A/D
conversion time.

Asindicated in figure 17.2, the A/D conversion time includes t, and the input sampling time. The
length of t, varies depending on the timing of the write access to ADCSR. The total conversion
time therefore varies within the ranges indicated in table 17.3.

In scan mode, the values given in table 17.3 apply to the first conversion time. In the second and
subsequent conversions, the conversion time is 128 states (fixed) when CKS = 0 and 66 states
(fixed) when CKS=1.

Address

T
1

Write signal

Input sampling
timing 0

ADF

>

th tspL

\

tcony
[Legend]
(1): ADCSR write cycle
2): ADCSR address
tp: A/D conversion start delay time
tgp:  Input sampling time
tcony: A/D conversion time

Figure17.2 A/D Conversion Timing
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Table17.3 A/D Conversion Time (Single Mode)

CKS =0 CKS=1
Iltem Symbol Min. Typ. Max. Min.  Typ. Max.
A/D conversion start delay time  t; 6 — 9 4 — 5
Input sampling time [ — 31 — — 15 —
A/D conversion time teony 131 — 134 69 — 70

Note: All values represent the number of states.

17.4.4  External Trigger Input Timing

A/D conversion can also be started by an external trigger input. When the TRGE bit in ADCR is
set to 1, external trigger input is enabled at the ADTRG pin. A falling edge at the ADTRG input
pin setsthe ADST bit in ADCSR to 1, starting A/D conversion. Other operations, in both single
and scan modes, are the same as when the ADST bit has been set to 1 by software. Figure 17.3
shows the timing.

ADTRG | N

Internal trigger signal *l |

ADST

A/D conversion

!=

Figure17.3 External Trigger Input Timing
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175 A/D Conversion Accuracy Definitions

This LSI's A/D conversion accuracy definitions are given below.

Resolution

The number of A/D converter digital output codes

Quantization error

The deviation inherent in the A/D converter, given by 1/2 LSB (seefigure 17.4).
Offset error

The deviation of the analog input voltage value from the ideal A/D conversion characteristic
when the digital output changes from the minimum voltage value 0000000000 to 0000000001
(seefigure 17.5).

Full-scale error

The deviation of the analog input voltage value from the ideal A/D conversion characteristic
when the digital output changes from 1111111110 to 1111111111 (seefigure 17.5).

Nonlinearity error

The deviation from the ideal A/D conversion characteristic as the voltage changes from zero to
full scale. This does not include the offset error, full-scale error, or quantization error.

Absolute accuracy

The deviation between the digital value and the analog input value. Includes offset error, full-
scale error, quantization error, and nonlinearity error.
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Digital output
A

111

110

101

100

011

010

Ideal A/D conversion
characteristic —— >

/
/

/

AN

/ Quantization error

001 /

000

FS

Analog
input voltage

Figure17.4 A/D Conversion Accuracy Definitions (1)
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Digital output

A

Full-scale error

'

Ideal A/D conversion

characteristic

‘ Nonlinearity
, error

<—— Actual A/D conversion
/ characteristic

Offset error

FS

Analog

input voltage

Figure17.5 A/D Conversion Accuracy Definitions (2)
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17.6  Usage Notes

17.6.1 Permissible Signal Source Impedance

This LSI'sanalog input is designed such that conversion accuracy is guaranteed for an input signal
for which the signal source impedance is5 kQ or less. This specification is provided to enable the
A/D converter's sample-and-hold circuit input capacitance to be charged within the sampling time;
if the sensor output impedance exceeds 5 kQ, charging may be insufficient and it may not be
possible to guarantee A/D conversion accuracy. However, for A/D conversion in single mode with
alarge capacitance provided externally, the input load will essentially comprise only the internal
input resistance of 10 k2, and the signal source impedance is ignored. However, as alow-pass
filter effect is obtained in this case, it may not be possible to follow an analog signal with alarge
differentia coefficient (e.g., 5 mV/us or greater) (see figure 17.6). When converting a high-speed
analog signal or converting in scan mode, alow-impedance buffer should be inserted.

17.6.2 Influenceson Absolute Accuracy

Adding capacitance results in coupling with GND, and therefore noisein GND may adversely
affect absolute accuracy. Be sure to make the connection to an electrically stable GND.

Careisalso required to ensure that filter circuits do not interfere with digital signals or act as
antennas on the mounting board.

This LSI A/D converter
Sensor output equivalent circuit
impedance
up to 5 kQ 10 kQ
Sensor input

I Low-pass _ i - 20 pF

\ filter
1Ct00.1 uF

Co= L
15pFI

3+

Figure17.6 Analog Input Circuit Example
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Section 18 Power-On Reset and Low-V oltage Detection
Circuits

This LSI incorporates a power-on reset circuit and low-voltage detection circuit.

The low-voltage detection circuit consists of two circuits: LV DI (interrupt by low voltage detect)
and LVDR (reset by low voltage detect) circuits.

Thiscircuit is used to prevent abnormal operation (runaway execution) from occurring due to the
power supply voltage fall and to recreate the state before the power supply voltage fall when the
power supply voltage rises again.

Even if the power supply voltage falls, the unstable state when the power supply voltage falls
below the guaranteed operating voltage can be removed by entering standby mode when
exceeding the guaranteed operating voltage and during normal operation. Thus, system stability
can be improved. If the power supply voltage falls more, the reset state is automatically entered. If
the power supply voltage rises again, the reset state is held for a specified period, then active mode
isautomatically entered.

Figure 18.1 isablock diagram of the power-on reset circuit and the low-voltage detection circuit.

18.1 Features

e Power-on reset circuit
Uses an external capacitor to generate an internal reset signal when power isfirst supplied.

e Low-voltage detection circuit
LVDR: Monitors the power-supply voltage, and generates an internal reset signal when the
voltage falls below a specified value.
LVDI: Monitors the power-supply voltage, and generates an interrupt when the voltage falls
below or rises above respective specified values.
Two pairs of detection levels for reset generation voltage are available: when only the LVDR
circuit is used, or when the LVDI and LVDR circuits are both used.
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¢ — CK OVF H
PSS :
R 1 :
R :
Q N Internal reset
Noise canceler s E signal
Noise canceler Power-on reset circuit
S . 7\
: { LVDCR g
H Vreset > ' a
: : ©
oo > |8
H ] LVDRES \ : i~
: J] Vint ' ' c
: + : 2
: Interrupt LVDSR P =
: L LVDINT control '
: circuit A :
: Reference :
: voltage | Interrupt\/
H generator >
: request

Low-voltage detection circuit

[Legend]

PSS: Prescaler S

LVDCR: Low-voltage-detection control register
LVDSR: Low-voltage-detection status register
LVDRES: Low-voltage-detection reset signal
LVDINT: Low-voltage-detection interrupt signal
Vreset:  Reset detection voltage

Vint: Power-supply fall/rise detection voltage

Figure18.1 Block Diagram of Power-On Reset Circuit and L ow-Voltage Detection Cir cuit
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18.2  Register Descriptions

The low-voltage detection circuit has the following registers.

o Low-voltage-detection control register (LVDCR)

e Low-voltage-detection status register (LVDSR)

18.21 Low-Voltage-Detection Control Register (LVDCR)

LVDCR is used to enable or disable the low-voltage detection circuit, set the detection levels for
the LVDR function, enable or disable the LV DR function, and enable or disable generation of an
interrupt when the power-supply voltage rises above or falls below the respective levels.

Table 18.1 shows the relationship between the LVDCR settings and select functions. LVDCR
should be set according to table 18.1.

Initial
Bit Bit Name Value R/W Description
7 LVDE 0~ R/W LVD Enable
0: The low-voltage detection circuit is not used (In
standby mode)
1: The low-voltage detection circuit is used
61to 4 — All 1 — Reserved
These bits are always read as 1 and cannot be
modified.
3 LVDSEL 0" R/W LVDR Detection Level Select

0: Reset detection voltage is 2.3 V (typ.)
1: Reset detection voltage is 3.6 V (typ.)

When the falling or rising voltage detection interrupt is
used, reset detection voltage of 2.3 V (typ.) should be
used. When only a reset detection interrupt is used,

reset detection voltage of 3.6 V (typ.) should be used.

2 LVDRE ©* R/W LVDR Enable
0: Disables the LVDR function
1: Enables the LVDR function
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Initial
Bit Bit Name Value R/W Description
1 LVDDE O R/W Voltage-Fall-Interrupt Enable

0: Interrupt on the power-supply voltage falling below
the selected detection level disabled

1: Interrupt on the power-supply voltage falling below
the selected detection level enabled

0 LVDUE O R/W Voltage-Rise-Interrupt Enable

0: Interrupt on the power-supply voltage rising above
the selected detection level disabled

1: Interrupt on the power-supply voltage rising above
the selected detection level enabled

Note: * Not initialized by LVDR but initialized by a power-on reset or WDT reset.

Table18.1 LVDCR Settingsand Select Functions

LVDCR Settings Select Functions
Low-Voltage- Low-Voltage-
Detection Detection
Power-On Falling Rising

LVDE LVDSEL LVDRE LVDDE LVDUE Reset LVDR Interrupt Interrupt

O * * * * O —_ N —_

1 1 1 0 0 (0] o] — —

1 0 0 1 0 (0] — @) —

1 0 0 1 1 (0] — O o

1 0 1 1 1 0] (0] 0] (0]

[Legend]

*: Means invalid.
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18.2.2 Low-Voltage-Detection Status Register (LVDSR)

LVDSR indicates whether the power-supply voltage falls below or rises above the respective
specified values.

Initial
Bit Bit Name Value R/W Description
7t02 — All 1 — Reserved
These bits are always read as 1 and cannot be
modified.
1 LVDDF 0* R/W LVD Power-Supply Voltage Fall Flag

[Setting condition]

When the power-supply voltage falls below Vint (D)
(typ. =3.7 V)

[Clearing condition]

Writing 0 to this bit after reading it as 1
0 LVDUF 0* R/W LVD Power-Supply Voltage Rise Flag

[Setting condition]

When the power supply voltage falls below Vint (D)
while the LVDUE bit in LVDCR is set to 1, then rises
above Vint (U) (typ. = 4.0 V) before falling below
Vreset1 (typ. =2.3 V)

[Clearing condition]
Writing 0 to this bit after reading it as 1

Note: * Initialized by LVDR.
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18.3 Operation

18.3.1 Power-On Reset Circuit

Figure 18.2 shows the timing of the operation of the power-on reset circuit. As the power-supply
voltage rises, the capacitor which is externally connected to the RES pin is gradually charged via
the on-chip pull-up resistor (typ. 150 kQ2). Since the state of the RES pin is transmitted within the
chip, the prescaler S and the entire chip arein their reset states. When the level on the RES pin
reaches the specified value, the prescaler Sisreleased from its reset state and it starts counting.
The OVF signal is generated to release the internal reset signal after the prescaler S has counted
131,072 clock () cycles. The noise cancellation circuit of approximately 100 nsisincorporated to
prevent the incorrect operation of the chip by noise on the RES pin.

To achieve stable operation of this LSI, the power supply needsto rise to its full level and settles
within the specified time. The maximum time required for the power supply to rise and settle after
power has been supplied (t,,.,) iS determined by the oscillation frequency (f...) and capacitance
which is connected to RES pin (Cggs). If t,,,,, Means the time required to reach 90 % of power
supply voltage, the power supply circuit should be designed to satisfy the following formula.

t ms) < 90 x Cggs (UF) +162/f .. (MHz)

PWON ( 0osc (

(t,,.0 < 3000 ms, Cggs = 0.22 uF, and f

PWON —

=10 in 2-MHz to 10-MHz operation)

osc

Note that the power supply voltage (Vcc) must fall below Vpor = 100 mV and rise after charge on
the RES pin is removed. To remove charge on the RES pin, it is recommended that the diode
should be placed near Vcc. If the power supply voltage (Vcc) rises from the point above Vpor, a
power-on reset may not occur.

PSS-reset | |' i | '|
signal (¢ (

OvF | ; « |_| « | ;
« | ,

)

Internal reset ' ) |
signal 1<—131,072 cycles—

PSS counter starts Reset released

Figure 18.2 Operational Timing of Power-On Reset Circuit

Rev. 2.00 Sep. 23, 2005 Page 336 of 444
REJ09B0068-0200 RENESAS




Section 18 Power-On Reset and Low-Voltage Detection Circuits

18.3.2 Low-Voltage Detection Circuit
(1) LVDR (Reset by Low Voltage Detect) Circuit

Figure 18.3 shows the timing of the LVDR function. The LVDR enters the module-standby state
after apower-on reset is canceled. To operate the LVDR, set the LVDE bitin LVDCR to 1, wait
for 50 us (t,,.o) Until the reference voltage and the low-voltage-detection power supply have
stabilized by a software timer, etc., then set the LVDRE bit in LVDCR to 1. After that, the output
settings of ports must be made. To cancel the low-voltage detection circuit, first the LVDRE bit
should be cleared to 0 and then the LV DE bit should be cleared to 0. The LVDE and LVDRE bits
must not be cleared to 0 simultaneously because incorrect operation may occur.

When the power-supply voltage falls below the Vreset voltage (typ. =2.3V or 3.6 V), the LVDR
clearsthe LVDRES signal to O, and resets the prescaler S. The low-voltage detection reset state
remains in place until a power-on reset is generated. When the power-supply voltage rises above
the Vreset voltage again, the prescaler S starts counting. It counts 131,072 clock (¢) cycles, and
then releases the internal reset signal. In this case, the LVDE, LVDSEL, and LVDRE bitsin
LVDCR are not initialized.

Note that if the power supply voltage (Vcc) falls below V = 1.0V and then rises from that

point, the low-voltage detection reset may not occur.

LVDRmin

If the power supply voltage (Vcc) falls below Vpor = 100 mV, a power-on reset occurs.

Vce Vreset

' '
VLVDRmin ——————————T————-: ————————————————————

LVDRES )

PSS-reset

signal (
i : "

ovr ; | ]
: —
i . (C

Internal reset ' )

signal 1< 131,072 cycles —»

PSS counter starts Reset released

Figure18.3 Operational Timing of LVDR Cir cuit
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(2) LVDI (Interrupt by Low Voltage Detect) Cir cuit

Figure 18.4 shows the timing of LV DI functions. The LV DI enters the module-standby state after
apower-on reset is canceled. To operate the LV DI, set the LVDE bitin LVDCR to 1, wait for 50
us (t,,,o0) Until the reference voltage and the low-voltage-detection power supply have stabilized
by a software timer, etc., then set the LVDDE and LVDUE bitsin LVDCR to 1. After that, the
output settings of ports must be made. To cancel the low-voltage detection circuit, first the
LVDDE and LVDUE bits should all be cleared to 0 and then the LV DE bit should be cleared to O.
The LVDE bit must not be cleared to 0 at the same timing as the LVDDE and LV DUE bits
because incorrect operation may occur.

When the power-supply voltage falls below Vint (D) (typ. = 3.7 V) voltage, the LVDI clearsthe
LVDINT signal to 0 and the LVDDF bitin LVDSR isset to 1. If the LVDDE bit is 1 at thistime,
an IRQO interrupt request is ssimultaneously generated. In this case, the necessary data must be
saved in the external EEPROM, etc, and a transition must be made to standby mode or subsleep
mode. Until this processing is completed, the power supply voltage must be higher than the lower
limit of the guaranteed operating voltage.

When the power-supply voltage does not fall below Vresetl (typ. = 2.3 V) voltage but rises above
Vint (U) (typ. = 4.0 V) voltage, the LVDI setsthe LVDINT signal to 1. If the LVDUE bitis1 at
thistime, the LVDUF bit in LVDSR is set to 1 and an IRQO interrupt request is simultaneously
generated.

If the power supply voltage (Vcc) falls below Vresetl (typ. = 2.3 V) voltage, the LVDR function
is performed.

Vint (U)

Vee Vint (D)

- ' Vreset1
777777777 e VA=

LVDINT ! |
> i
LVDDE | h

LVDDF

C\
LVDUE | f
LVDUF

A
IRQO interrupt generated |IRQO interrupt generated

Figure 18.4 Operational Timing of LVDI Cir cuit
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(3) Proceduresfor Settings/Releasing Oper ation when Using LVDR and LV DI

To operate or release the low-voltage detection circuit normally, follow the procedure described
below. Figure 18.5 shows the timing for the operation and release of the low-voltage detection
circuit.

1. To operate the low-voltage detection circuit, set the LVDE bitin LVDCR to 1.

2. Wait for 50 us (t,, 5., until the reference voltage and the low-voltage-detection power supply
have stahilized by a software timer, etc. Then, clear the LVDDF and LVDUF bitsin LVDSR
to 0 and set the LVDRE, LVDDE, and LVDUE bitsin LVDCR to 1, as required.

3. Torelease the low-voltage detection circuit, start by clearing al of the LVDRE, LVDDE, and
LVDUE bhitsto 0. Then clear the LVDE hit to 0. The LVDE bit must not be cleared to O at the
sametiming asthe LVDRE, LVDDE, and LVDUE bits because incorrect operation may occur.

LVDE

LVDDE

LVDUE

l
T

|
.

:
=< tvoon

Figure18.5 Timing for Operation/Release of L ow-Voltage Detection Circuit

Rev. 2.00 Sep. 23, 2005 Page 339 of 444
RENESAS REJ09B0068-0200




Section 18 Power-On Reset and Low-Voltage Detection Circuits

Rev. 2.00 Sep. 23, 2005 Page 340 of 444
REJ09B0068-0200 RENESAS



Section 19 Power Supply Circuit

Section 19 Power Supply Circuit

This LSl incorporates an internal power supply step-down circuit. Use of this circuit enables the
internal power supply to be fixed at a constant level of approximately 3.0 V, independently of the
voltage of the power supply connected to the external Vcc pin. As aresult, the current consumed
when an external power supply isused at 3.0 V or above can be held down to virtually the same
low level aswhen used at approximately 3.0 V. If the external power supply is 3.0 V or below, the
internal voltage will be practically the same as the external voltage. It is, of course, also possible
to use the same level of external power supply voltage and internal power supply voltage without
using the internal power supply step-down circuit.

19.1  When Using Internal Power Supply Step-Down Cir cuit

Connect the external power supply to the Vcc pin, and connect a capacitance of approximately 0.1
MF between V, and Vss, as shown in figure 19.1. The internal step-down circuit is made effective
simply by adding this external circuit. In the external circuit interface, the external power supply
voltage connected to Vcc and the GND potential connected to V'ss are the reference levels. For
example, for port input/output levels, the Vcc level isthe reference for the high level, and the Vss
level isthat for the low level. The A/D converter analog power supply is not affected by the
internal step-down circuit.

Voo Voo=3.0t055V

Step-down circuit
Ve

Internal Stabilization
Internal power —= capacitance

logic supply (approx. 0.1 uF)

—

Figure19.1 Power Supply Connection when Internal Step-Down Circuit is Used
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19.2  When not Using Internal Power Supply Step-Down Cir cuit

When the internal power supply step-down circuit is not used, connect the external power supply
totheV_ pin and Vcc pin, as shown in figure 19.2. The external power supply isthen input
directly to the internal power supply. The permissible range for the power supply voltageis 3.0 V
to 3.6 V. Operation cannot be guaranteed if a voltage outside this range (less than 3.0 V or more
than 3.6 V) isinput.

Voe=3.0103.6V

Step-down circuit

Internal Internal
|OgiC power
supply

Figure19.2 Power Supply Connection when Internal Step-Down Cir cuit isnot Used
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Section 20 List of Registers

The register list gives information on the on-chip 1/0 register addresses, how the register bits are
configured, and the register states in each operating mode. The information is given as shown
below.

1. Register addresses (address order)
o Registersarelisted from the lower allocation addresses.

e The symbol — in the register-name column represents areserved address or range of reserved
addresses.
Do not attempt to access reserved addresses.

e When the addressis 16-bit wide, the address of the upper byteisgiveninthelist.
o Registersare classified by functional modules.

e Thedatabuswidth isindicated.

e Thenumber of access statesis indicated.

2. Register bits

e Bit configurations of the registers are described in the same order as the register addresses.
e Reserved bits are indicated by — in the bit name column.

e When registers consist of 16 hits, bits are described from the MSB side.

3. Register statesin each operating mode
o Register states are described in the same order as the register addresses.

e Theregister states described here are for the basic operating modes. If thereis a specific reset
for an on-chip peripheral module, see the section on that on-chip peripheral module.
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20.1 Register Addresses (Address Order)

The data-bus width column indicates the number of bits. The access-state column shows the
number of states of the selected basic clock that isrequired for access to the register.

Note:  Access to undefined or reserved addresses should not take place. Correct operation of the
access itself or later operations is not guaranteed when such aregister is accessed.

Abbre- Module DataBus Access
Register viation Bit No. Address Name  Width State
— — — H'FO00 to — — —

H'F6FF

Timer control register_0 TCR.O 8 H'F700 TimerZ 8 2
Timer 1/O control register A_0 TIORA_O 8 H'F701 TimerZ 8 2
Timer I/O control register C_0 TIORC_O 8 HF702 TimerZ 8 2
Timer status register_0 TSR_0 8 H'F703 TimerZ 8 2
Timer interrupt enable register 0 TIER_.0O 8 H'F704  TimerZ 8 2
PWM mode output level control POCR_0 8 H'F705 TimerZ 8 2
register_0
Timer counter_0 TCNT_O 16 HF706  TimerZ 16 2
General register A_0 GRA_ 0 16 H'F708 TimerZ 16 2
General register B_0 GRB_O 16 H'F70A  TimerZ 16 2
General register C_0 GRC_ 0 16 HF70C TimerZ 16 2
General register D_0 GRD_0 16 H'F70E  TimerZ 16 2
Timer control register_1 TCR_1 8 H'F710  TimerZ 8 2
Timer I/O control register A_1 TIORA_1 8 H'F711 TimerZ 8 2
Timer 1/O control register C_1 TIORC_1 8 HF712  TimerZ 8 2
Timer status register_1 TSR_1 8 HF713  TimerZ 8 2
Timer interrupt enable register_1 TIER_1 8 H'F714  TimerZ 8 2
PWM mode output level control  POCR_1 8 H'F715  TimerZ 8 2
register_1
Timer counter_1 TCNT_1 16 H'F716 TimerZ 16 2
General register A_1 GRA_1 16 HF718 TimerZ 16 2
General register B_1 GRB_1 16 HF71A  TimerZ 16 2
General register C_1 GRC_1 16 HF71C  TimerZ 16 2
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Abbre- Module DataBus Access
Register viation Bit No. Address Name  Width State
General register D_1 GRD_1 16 HF71E  TimerZ 16 2
Timer start register TSTR 8 HF720 TimerZ 8 2
Timer mode register TMDR 8 H'F721 TimerZ 8 2
Timer PWM mode register TPMR 8 H'F722 TimerZ 8 2
Timer function control register TFCR 8 H'F723 TimerZ 8 2
Timer output master enable TOER 8 H'F724 TimerZ 8 2
register
Timer output control register TOCR 8 HF725 TimerZ 8 2
— — — HF726 to — — —
H'F72F
Low-voltage-detection control LVDCR 8 H'F730 LvDC 8 2
register
Low-voltage-detection status LVDSR 8 H'F731 LvDC 8 2
register
— — — HF732to0 — — —
H'F73F
Serial mode register_2 SMR_2 8 H'F740 SCI3_2 8 3
Bit rate register_2 BRR_2 8 H'F741 SCI3_2 8 3
Serial control register 3_2 SCR3_2 8 H'F742 SCI3_2 8 3
Transmit data register_2 TDR_2 8 HF743 SCI3_2 8 3
Serial status register_2 SSR 2 8 H'F744 SCI3_2 8 3
Receive data register_2 RDR_2 8 H'F745 SCI3_2 8 3
— — — H'F746, — — —
H'F747
I’C bus control register 1 ICCR1 8 HF748  1IC2 8 2
I?C bus control register 2 ICCR2 8 H'F749 lc2 8 2
I’C bus mode register ICMR 8 HF74A  1IC2 8 2
I’C bus interrupt enable register  ICIER 8 HF74B  1IC2 8 2
I’C bus status register ICSR 8 HF74C  lIC2 8 2
I’C bus slave address register SAR 8 HF74D  lIC2 8 2
I’C bus transmit data register ICDRT 8 H'F74E  1IC2 8 2
I’C bus receive data register ICDRR 8 HF74F  1IC2 8 2
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Abbre- Module DataBus Access
Register viation Bit No. Address Name  Width State
— — — HF750to — — —
H'F75F
Timer mode register B1 TMBA1 8 H'F760 TimerB1 8 2
Timer counter B1 TCB1 8 H'F761 TimerB1 8 2
Timer load register B1 TLB1 8 H'F761 Timer B1 8 2
— — — HF762to0 — — —
H'FF8F
Flash memory control register 1 FLMCR1 8 H'FF90 ROM
Flash memory control register2 FLMCR2 8 H'FF91 ROM
— — — HFF92 — — —
Erase block register 1 EBR1 8 H'FF93 ROM 8 2
— — — HFF94to — — —
H'FF9A
Flash memory enable register FENR 8 HFF9B ROM 8 2
— — — HFF9C to — — —
H'FF9F
Timer control register VO TCRVO 8 HFFAO  TimerV 8 3
Timer control/status register V TCSRV 8 HFFA1  TimerV 8 3
Time constant register A TCORA 8 HFFA2  TimerV 8 3
Time constant register B TCORB 8 HFFA3  TimerV 8 3
Timer counter V TCNTV 8 HFFA4  TimerV 8 3
Timer control register V1 TCRVA1 8 HFFA5 TimerV 8 3
— — — H'FFA6, — — —
H'FFA7
Serial mode register SMR 8 H'FFA8 SCI3 8 3
Bit rate register BRR 8 HFFA9  SCI3 8 3
Serial control register 3 SCR3 8 HFFAA SCI3 8 3
Transmit data register TDR 8 HFFAB SCI3 8 3
Serial status register SSR 8 HFFAC SCI3 8 3
Receive data register RDR 8 HFFAD SCI3 8 3
— — — H'FFAE, — — —
H'FFAF
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Abbre- Module DataBus Access

Register viation Bit No. Address Name Width State

A/D data register A ADDRA 16 HFFBO A/D 8 3
converter

A/D data register B ADDRB 16 HFFB2 A/D 8 3
converter

A/D data register C ADDRC 16 HFFB4 A/D 8 3
converter

A/D data register D ADDRD 16 HFFB6 A/D 8 3
converter

A/D control/status register ADCSR 8 HFFB8 A/D 8 3
converter

A/D control register ADCR 8 HFFB9 A/D 8 3
converter

— — — H'FFBA, — — —

H'FFBB

PWM data register L PWDRL 8 HFFBC  14-bit 8 2
PWM

PWM data register U PWDRU 8 H'FFBD  14-bit 8 2
PWM

PWM control register PWCR 8 H'FFBE  14-bit 8 2
PWM

— — — HFFBF — — —

Timer control/status register WD TCSRWD 8 HFFCO WDT* 8 2

Timer counter WD TCWD 8 HFFC1  WDT* 8 2

Timer mode register WD TMWD 8 HFFC2 WDT* 8 2

— — — H'FFC3to — — —

H'FFC7

Address break control register ABRKCR 8 H'FFC8  Address 8 2
break

Address break status register ABRKSR 8 HFFC9 Address 8 2
break

Break address register H BARH 8 H'FFCA  Address 8 2
break

Break address register L BARL 8 HFFCB Address 8 2
break

Break data register H BDRH 8 H'FFCC Address 8 2
break
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Abbre- Module Data Bus Access
Register viation Bit No. Address Name Width State
Break data register L BDRL 8 HFFCD Address 8 2
break
— — — HFFCE, — — —
H'FFCF
Port pull-up control register 1 PUCR1 8 H'FFDO /O port 8
Port pull-up control register 5 PUCR5 8 H'FFD1 I/O port 8
— — — HFFD2, — — —
H'FFD3
Port data register 1 PDR1 8 H'FFD4 /O port 8 2
Port data register 2 PDR2 8 HFFD5 1/Oport 8 2
Port data register 3 PDR3 8 H'FFD6 I/Oport 8 2
— — — HFFD7 — — —
Port data register 5 PDR5 8 H'FFD8 /O port 8 2
Port data register 6 PDR6 8 HFFD9 1/Oport 8 2
Port data register 7 PDR7 8 HFFDA 1/Oport 8 2
Port data register 8 PDR8 8 HFFDB /O port 8 2
— — — HFFDC — — —
Port data register B PDRB 8 H'FFDD 1/Oport 8 2
— — — H'FFDE, — — —
H'FFDF
Port mode register 1 PMR1 8 HFFEO 1/Oport 8 2
Port mode register 5 PMR5 8 H'FFE1 /O port 8 2
Port mode register 3 PMR3 8 HFFE2 1/Oport 8 2
— — — HFFE3 — — —
Port control register 1 PCR1 8 HFFE4 1/Oport 8 2
Port control register 2 PCR2 8 HFFE5 1/Oport 8 2
Port control register 3 PCR3 8 HFFE6 1/Oport 8 2
— — — HFFE7 — — —
Port control register 5 PCR5 8 HFFE8 1/Oport 8 2
Port control register 6 PCR6 8 H'FFEQ 1/Oport 8 2
Port control register 7 PCR7 8 H'FFEA 1/Oport 8 2
Port control register 8 PCR8 8 HFFEB 1/Oport 8 2
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Abbre- Module Data Bus Access
Register viation Bit No. Address Name Width State
— — — HFFEC — — —
to H'FFEF

System control register 1 SYSCR1 8 H'FFFO  Power 8 2

down
System control register 2 SYSCR2 8 H'FFF1 Power 8 2

down
Interrupt edge select register 1 IEGR1 8 HFFF2  Interrupt 8 2
Interrupt edge select register 2 IEGR2 8 H'FFF3  Interrupt 8 2
Interrupt enable register 1 IENR1 8 HFFF4  Interrupt 8 2
Interrupt enable register 2 IENR2 8 HFFF5  Interrupt 8 2
Interrupt flag register 1 IRR1 8 HFFF6  Interrupt 8 2
Interrupt flag register 2 IRR2 8 HFFF7  Interrupt 8 2
Wakeup interrupt flag register IWPR 8 H'FFF8 Interrupt 8 2
Module standby control register 1 MSTCR1 8 H'FFF9  Power 8 2

down
Module standby control register2 MSTCR2 8 HFFFA  Power 8 2

down
— — — H'FFFB to — — —

H'FFFF
Note: * WDT: Watchdog timer
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20.2

Register Bits

The addresses and bit names of the registersin the on-chip peripheral modules are listed below.
The 16-bit register isindicated in two rows, 8 hits for each row.

Register Module

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name

TCR_O CCLR2  CCLR1  CCLRO CKEG1 CKEGO TPSC2  TPSC1  TPSCO  TimerZ

TIORA_0 — l0B2 I0B1 IOBO — I0A2 IOA1 I0A0

TIORC_0 — IOD2 10D1 I0DO — loc2 loC1 10C0

TSR_0 — — — OVF IMFD IMFC IMFB IMFA

TIER_O — — — OVIE IMIED IMIEC IMIEB IMIEA

POCR_0 — — — — — POLD POLC POLB

TCNT_0 TCNTOH7 TCNTOH6 TCNTOH5 TCNTOH4 TCNTOH3 TCNTOH2 TCNTOH1 TCNTOHO
TCNTOL7 TCNTOL6 TCNTOL5 TCNTOL4 TCNTOL3 TCNTOL2 TCNTOL1 TCNTOLO

GRA 0 GRAOH7 GRAOH6 GRAOH5 GRAOH4 GRAOH3 GRAOH2 GRAOH1 GRAOHO
GRAOL7 GRAOL6 GRAOL5 GRAOL4 GRAOL3 GRAOL2 GRAOL1  GRAOLO

GRB_0 GRBOH7 GRBOH6 GRBOH5 GRBOH4 GRBOH3 GRBOH2 GRBOH1 GRBOHO
GRBOL7 GRBOL6 GRBOL5 GRBOL4 GRBOL3 GRBOL2 GRBOL1 GRBOLO

GRC_0 GRCOH7 GRCOH6 GRCOH5 GRCOH4 GRCOH3 GRCOH2 GRCOH1 GRCOHO
GRCOL7 GRCOL6 GRCOL5 GRCOL4 GRCOL3 GRCOL2 GRCOL1  GRCOLO

GRD_0 GRDOH7 GRDOH6 GRDOH5 GRDOH4 GRDOH3 GRDOH2 GRDOH1 GRDOHO
GRDOL7 GRDOL6 GRDOL5 GRDOL4 GRDOL3 GRDOL2 GRDOL1 GRDOLO

TCR_1 CCLR2 CCLR1  CCLRO CKEG1 CKEGO TPSC2  TPSC1  TPSCO

TIORA_1 — l0B2 I0B1 IOBO — I0A2 IOA1 I0A0

TIORC_1 — IOD2 I0D1 I0DO — loc2 loC1 10CO

TSR_1 — — UDF OVF IMFD IMFC IMFB IMFA

TIER_1 — — — OVIE IMIED IMIEC IMIEB IMIEA

POCR_1 — — — — — POLD POLC POLB

TCNT_1 TCNT1H7 TCNT1H6 TCNT1H5 TCNT1H4 TCNT1H3 TCNT1H2 TCNT1H1 TCNT1HO
TCNT1L7 TCNT1L6 TCNTIL5 TCNTiL4 TCNTIL3 TCNTiL2 TCNT1L1 TCNTILO

GRA_1 GRA1H7 GRA1H6 GRA1H5 GRA1H4 GRATH3 GRA1H2 GRATH1 GRA1HO
GRAIL7 GRAIL6 GRAIL5 GRA1L4 GRAIL3 GRAIL2 GRAIL1  GRAILO
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Register Module
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name
GRB_1 GRB1H7 GRB1H6 GRB1H5 GRB1H4 GRB1H3 GRB1H2 GRB1H1 GRB1HO TimerZ
GRB1L7 GRB1L6 GRB1L5 GRB1L4 GRB1L3 GRBi1L2 GRBIL1 GRB1LO
GRC_1 GRC1H7 GRC1H6 GRC1H5 GRC1H4 GRC1H3 GRC1H2 GRC1H1 GRC1HO
GRC1L7 GRC1L6 GRCIL5 GRC1L4 GRCIL3 GRC1L2 GRCiL1 GRCILO
GRD_1 GRD1H7 GRD1H6 GRD1H5 GRD1H4 GRD1H3 GRD1H2 GRD1H1 GRD1HO
GRD1L7 GRD1L6 GRD1L5 GRD1L4 GRDIL3 GRD1L2 GRDiL1 GRDI1LO
TSTR — — — — — — STR1 STRO
TMDR BFD1 BFC1 BFDO BFCO — — — SYNC
TPMR — PWMD1 PWMC1 PWMB1 — PWMDO PWMCO PWMBO
TFCR — STCLK  ADEG ADTRG  OLS1 oLso CMD1 CMDO
TOER ED1 EC1 EB1 EA1 EDO ECO EBO EAO
TOCR TOD1 TOCH1 TOB1 TOA1 TODO TOCO TOBO TOAO
LVDCR LVDE — — — LVDSEL LVDRE LVDDE LVDUE LVDC
LVDSR — — — — — — LVDDF  LVDUF
SMR_2 COM CHR PE PM STOP MP CKS1 CKSO0 SCI3_2
BRR_2 BRR7 BRR6 BRR5 BRR4 BRR3 BRR2 BRR1 BRRO
SCR3_2 TIE RIE TE RE MPIE TEIE CKE1 CKEO
TDR_2 TDR7 TDR6 TDR5 TDR4 TDR3 TDR2 TDRH1 TDRO
SSR_2 TDRE RDRF OER FER PER TEND MPBR MPBT
RDR_2 RDR7 RDR6 RDR5 RDR4 RDR3 RDR2 RDR1 RDRO
ICCR1 ICE RCVD MST TRS CKS3 CKS2 CKS1 CKS0 lc2
ICCR2 BBSY SCP SDAO SDAOP  SCLO — ICRST  —
ICMR MLS WAIT — — BCWP BC2 BC1 BCO
ICIER TIE TEIE RIE NAKIE STIE ACKE ACKBR  ACKBT
ICSR TDRE TEND RDRF NACKF  STOP AL/OVE  AAS ADZ
SAR SVA6 SVA5 SVA4 SVA3 SVA2 SVA1 SVAO FS
ICDRT ICDRT7 ICDRT6 ICDRT5 ICDRT4 ICDRT3 ICDRT2 ICDRT1  ICDRTO
ICDRR ICDRR7 ICDRR6 ICDRR5 ICDRR4 ICDRR3 ICDRR2 ICDRR1  ICDRRO
TMB1 TMB17  — — — — TMB12  TMB11  TMB10  Timer B1
TCB1 TCB17  TCB16  TCB15  TCB14  TCB13  TCB12  TCB11 TCB10
TLB1 TLB17  TLB16 TLB15 TLB14  TLB13 TLB12 TLB11 TLB10
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Register Module
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name
FLMCR1 — SWE ESU PSU EV PV E P ROM
FLMCR2 FLER — — — — — — —
EBR1 — — — EB4 EB3 EB2 EB1 EBO
FENR FLSHE — — — — — — —
TCRVO CMIEB  CMIEA  OVIE CCLR1  CCLRO  CKS2 CKS1 CKS0 Timer V
TCSRV CMFB CMFA OVF — 0S3 08s2 0S1 0S0
TCORA TCORA7 TCORA6 TCORA5 TCORA4 TCORA3 TCORA2 TCORA1 TCORAO
TCORB TCORB7 TCORB6 TCORB5 TCORB4 TCORB3 TCORB2 TCORB1 TCORBO
TCNTV TCNTVZ TCNTV6 TCNTV5 TCNTV4 TCNTV3 TCNTV2 TCNTVi  TCNTVO
TCRV1 — — — TVEGT  TVEGO  TRGE — ICKSO
SMR COM CHR PE PM STOP MP CKS1 CKS0 SCI3
BRR BRR7 BRR6 BRR5 BRR4 BRR3 BRR2 BRR1 BRRO
SCR3 TIE RIE TE RE MPIE TEIE CKET1 CKEO
TDR TDR7 TDR6 TDR5 TDR4 TDR3 TDR2 TDRH1 TDRO
SSR TDRE RDRF OER FER PER TEND MPBR MPBT
RDR RDR7 RDR6 RDR5 RDR4 RDR3 RDR2 RDR1 RDRO
ADDRA AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2 AD
AD1 ADO - - - - - - converter
ADDRB AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
AD1 ADO — — — — — —
ADDRC AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
AD1 ADO — — — — — —
ADDRD AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
AD1 ADO — — — — — —
ADCSR ADF ADIE ADST SCAN CKS CH2 CH1 CHO
ADCR TRGE — — — — — — —
PWDRL PWDRL7 PWDRL6 PWDRLS PWDRL4 PWDRL3 PWDRL2 PWDRL1 PWDRLO 14-bit PWM
PWDRU — — PWDRUS PWDRU4 PWDRU3 PWDRU2 PWDRU1 PWDRUO
PWCR — — — — — — — PWCRO
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Register Module
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name
TCSRWD B6WI TCWE B4WI TCSRWE B2wI WDON  BOWI WRST  WDT*
TCWD TCWD7 TCWD6 TCWD5 TCWD4 TCWD3 TCWD2 TCWD1  TCWDO

TMWD — — — — CKS3 CKS2 CKS1 CKS0

ABRKCR RTINTE  CSELA1 CSELO ACMP2 ACMP1 ACMPO DCMP1 DCMPO  Address

break

ABRKSR  ABIF ABIE — — — — — —
BARH BARH7 BARH6 BARH5 BARH4 BARH3 BARH2  BARH1  BARHO

BARL BARL? BARL6 BARLS  BARL4 BARL3 BARL2 BARL1  BARLO

BDRH BDRH7 BDRH6 BDRH5 BDRH4 BDRH3 BDRH2 BDRH1  BDRHO

BDRL BDRL7 BDRL6 BDRL5 BDRL4 BDRL3 BDRL2 BDRL1  BDRLO

PUCR1 PUCR17 PUCR16 PUCR15 PUCR14 — PUCR12 PUCR11 PUCR10 I/ port
PUCR5 — — PUCRS5 PUCRS54 PUCR53 PUCR52 PUCR51 PUCRS50

PDR1 P17 P16 P15 P14 — P12 P11 P10

PDR2 — — — P24 P23 P22 P21 P20

PDR3 P37 P36 P35 P34 P33 P32 P31 P30

PDR5 P57 P56 P55 P54 P53 P52 P51 P50

PDR6 P67 P66 P65 P64 P63 P62 P61 P60

PDR7 — P76 P75 P74 — P72 P71 P70

PDR8 P87 P86 P85 — — — — —

PDRB PB7 PB6 PB5 PB4 PB3 PB2 PB1 PBO

PMR1 IRQ3 IRQ2 IRQ1 IRQO TXD2 PWM TXD —

PMR5 — — WKP5  WKP4  WKP3  WKP2  WKP1  WKPO

PMR3 — — — POF24  POF23  — — —

PCR1 PCR17 PCR16 PCR15 PCR14 — PCR12  PCR11  PCR10

PCR2 — — — PCR24 PCR23 PCR22 PCR21  PCR20

PCR3 PCR37 PCR36 PCR35 PCR34 PCR33 PCR32 PCR31  PCR30

PCRS PCR57 PCRS56 PCRS5 PCRS54 PCR53 PCR52  PCR51  PCRS50

PCR6 PCR67 PCRe6 PCR65 PCRe4 PCR63 PCR62 PCR61  PCR60

PCR7 — PCR76  PCR75 PCR74 — PCR72 PCR71  PCR70

PCRS PCR87 PCR86 PCR85 — — — — —

SYSCR1 SSBY  STS2 STS1 sTso — — — — Power
SYSCR2 SMSEL — DTON  MA2 MAT MAQ — down
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Register Module
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name
IEGR1 NMIEG — — — IEG3 IEG2 IEG1 IEGO Interrupt
IEGR2 — — WPEG5 WPEG4 WPEG3 WPEG2 WPEG! WPEGO

IENR1 IENDT  — IENWP  — IEN3 IEN2 IENT IENO

IENR2 — — IENTBY —— — — — —

IRR1 IRRDT ~ — — — IRRI3 IRRI2 IRRI IRRIO

IRR2 — — IRRTB1 — — — — —

IWPR — — IWPF5  IWPF4  IWPF3  IWPF2  IWPF1  IWPFO

MSTCR1 — MSTIC  MSTS3  MSTAD MSTWD — MSTTV ~— — Power
MSTCR2 MSTS3 2 — — MSTTB1 — — MSTTZ ~ MsTPWM 9OWN

Note: * WDT: Watchdog timer
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20.3 Registers Statesin Each Operating Mode
Register

Name Reset Active Sleep Subsleep Standby Module
TCR_O Initialized — — — — Timer Z
TIORA_O Initialized e — — J—
TIORC_O Initialized — — J— —
TSR_0 Initialized — — — I
TIER_O Initialized — — — J—
POCR_0 Initialized — — — —
TCNT_O Initialized — — — J—
GRA_O Initialized — — — _
GRB_0 Initialized — — — I
GRC_0 Initialized — — — _
GRD_0 Initialized — — — —
TCR_1 Initialized — — — J—
TIORA_1 Initialized — — J— —
TIORC_1 Initialized e — — J—
TSR_1 Initialized — — J— —
TIER_1 Initialized — — — I
POCR_1 Initialized — — — J—
TCNT_1 Initialized — — — —
GRA_1 Initialized — — — J—
GRB_1 Initialized — — J— —
GRC_1 Initialized — — — I
GRD_1 Initialized — — J— —
TSTR Initialized — — — —
TMDR Initialized — — — J—
TPMR Initialized — — — —
TFCR Initialized — — — I
TOER Initialized — — J— —
TOCR Initialized — — — I

RENESAS
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Register

Name Reset Active Sleep Subsleep Standby Module
LVDCR Initialized — — — — LvDC
LVDSR Initialized — — — —

SMR_2 Initialized — — Initialized Initialized SCI3_2
BRR_2 Initialized — — Initialized Initialized

SCR3_2 Initialized — — Initialized Initialized

TDR_2 Initialized — — Initialized Initialized

SSR_2 Initialized — — Initialized Initialized

RDR_2 Initialized — — Initialized Initialized

ICCR1 Initialized — — — — ncz
ICCR2 Initialized — — — —

ICMR Initialized — — — —

ICIER Initialized — — — —

ICSR Initialized — — — —

SAR Initialized — — — —

ICDRT Initialized — — — —

ICDRR Initialized — — — —

TMBH1 Initialized — — — — Timer B1
TCB1 Initialized — — — —

TLB1 Initialized — — — —

FLMCR1 Initialized — — Initialized Initialized ROM
FLMCR2 Initialized — — — —

EBR1 Initialized — — Initialized Initialized

FENR Initialized — — — —

TCRVO Initialized — — Initialized Initialized Timer V
TCSRV Initialized — — Initialized Initialized

TCORA Initialized — — Initialized Initialized

TCORB Initialized — — Initialized Initialized

TCNTV Initialized — — Initialized Initialized

TCRVA1 Initialized — — Initialized Initialized
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Register

Name Reset Active Sleep Subsleep Standby Module
SMR Initialized — — Initialized Initialized SCI3
BRR Initialized — — Initialized Initialized

SCR3 Initialized — — Initialized Initialized

TDR Initialized — — Initialized Initialized

SSR Initialized — — Initialized Initialized

RDR Initialized — — Initialized Initialized

ADDRA Initialized — — Initialized Initialized A/D converter
ADDRB Initialized — — Initialized Initialized

ADDRC Initialized — — Initialized Initialized

ADDRD Initialized — — Initialized Initialized

ADCSR Initialized — — Initialized Initialized

ADCR Initialized — — Initialized Initialized

PWDRL Initialized — — — — 14-bit PWM
PWDRU Initialized — — — —

PWCR Initialized — — — —

TCSRWD Initialized — — — — WDT*
TCWD Initialized — — — —

TMWD Initialized — — — —

ABRKCR Initialized — — — — Address break
ABRKSR Initialized — — — —

BARH Initialized — — — —

BARL Initialized — — — —

BDRH Initialized — — — —

BDRL Initialized — — — —

PUCR1 Initialized — — — — 1/0 port
PUCRS5 Initialized — — — —

PDR1 Initialized — — — —

PDR2 Initialized — — — —

PDR3 Initialized — — — —

PDR5 Initialized — — — —

PDR6 Initialized — — — —
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Register
Name Reset Active Sleep Subsleep Standby Module
PDR7 Initialized — — — — I/O port
PDR8 Initialized — — — J—
PDRB Initialized — — — —
PMR1 Initialized e — — J—
PMR5 Initialized — —_ J— J—
PMR3 Initialized e — — J—
PCR1 Initialized — — — J—
PCR2 Initialized —_ — — —
PCR3 Initialized — — — J—
PCR5 Initialized — — — I
PCR6 Initialized e — — J—
PCR7 Initialized — —_ J— J—
PCRS8 Initialized —_ — — —
SYSCRH1 Initialized — — — — Power down
SYSCR2 Initialized —_ — — —
IEGR1 Initialized — — — — Interrupt
IEGR2 Initialized — —_ J— J—
IENR1 Initialized e — —_ —
IENR2 Initialized — — — J—
IRR1 Initialized — — — —
IRR2 Initialized — — — J—
IWPR Initialized — —_ J— J—
MSTCR1 Initialized — — — — Power down
MSTCR2 Initialized — —_ J— J—
Notes: — means "Not initialized".
* WDT: Watchdog timer
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Section 21 Electrical Characteristics

21.1  Absolute Maximum Ratings

Table21.1 Absolute Maximum Ratings

Item Symbol Value Unit Notes
Power supply voltage Vce -0.3t0 +7.0 \Y, *
Analog power supply voltage AVcc -0.3t0 +7.0 \
Input voltage Ports other than port B Vi, -0.3toVecc+0.3 V

Port B —-0.3to AVcc +0.3 V

X1 -0.3t04.3 Vv
Operating temperature Toor —20to +75 °C
Storage temperature T -55to +125 °C

Note: * Permanent damage may result if maximum ratings are exceeded. Normal operation
should be under the conditions specified in Electrical Characteristics. Exceeding these
values can result in incorrect operation and reduced reliability.

21.2 Electrical Characteristics

21.2.1 Power Supply Voltage and Operating Ranges

(1) Power Supply Voltage and Oscillation Frequency Range when L ow-Voltage Detection
Circuit isnot Used:

dosc (MHz)
200 --f---------

10.0 --{--

20 --1--4

30 40 55 Ve (V)

. AVCC =3.0to55V
¢ Active mode
¢ Sleep mode
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(2) Power Supply Voltage and Operating Frequency Range when L ow-Voltage Detection
Circuit isnot Used:

¢ (MHz) o (kHz)
200 f----------- 2500 f-----------
10.0 f---- ! 1250 f---- :
1.0 p---- ; i
! ! ! 78.125 f---- -
3.0 4.0 55 Ve (V
cc (V) 3.0 4.0 55  Vgg (V)
* AVgc=3.0 to 5.5V * AVgc=3.0t05.5V
* Active mode e Active mode
* Sleep mode ¢ Sleep mode
(When MA2 in SYSCR2=0) (When MA2 in SYSCR2 = 1))

(3) Analog Power Supply Voltage and A/D Converter Accuracy Guarantee Range when
L ow-Voltage Detection Circuit isnot Used:

6 (MHz)
20.0 f---mmmnne-

10.0 [------

20 |------

30 40 55  AVce (V)

. VCC =3.0to 55V
e Active mode
¢ Sleep mode

Rev. 2.00 Sep. 23, 2005 Page 360 of 444
REJ09B0068-0200 RENESAS



Section 21

Electrical Characteristics

(4) Rangeof Power Supply Voltage and Oscillation Frequency when Low-Voltage
Detection Circuit is Used:

oosc (MHz)
20.0
16.0
2.0
3.0

Vee(V)
45 55

[ Operation guarantee range
[ Operation guarantee range except
A/D conversion accuracy
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21.2.2

Table21.2 DC Characteristics (1)

DC Characteristics

Veec=3.0t055V,Vss=0.0V, Ta=-20to +75°C, unless otherwise indicated.

Iltem Symbol

Applicable Pins

Values

Test Condition Min.

Typ. Max.

Unit Notes

Input high V,
voltage

RES, NMI,
WKPO0 to WKP5,
IRQO to IRQ3,
ADTRG, TMIB1,
TMRIV, TMCIV,
FTIOAO to
FTIODO, FTIOA1
to FTIOD1,SCK3,
SCK3_2, TRGV

Vec=4.0t05.5V Vcecx0.8

Vce + 0.3

Vv

Vee x 0.9

Vce + 0.3

Vv

RXD, RXD_2,
SCL, SDA,
P10 to P12,
P14 to P17,
P20 to P24,
P30 to P37,
P50 to P57,
P60 to P67,
P70 to P72
P74 to P76,
P85 to P87

Vec=4.0t05.5V Veex0.7

Vee + 0.3

Vee x 0.8

Vce + 0.3

PBO to PB7

Vecc=4.0t05.5V Vececx0.7

AVcc + 0.3

Vce x 0.8

AVcc + 0.3

OSCH

Vcc=4.0t05.5V Vec-0.5

Vce + 0.3

Vee—-0.3

Vce + 0.3
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Values

Iltem Symbol Applicable Pins  Test Condition  Min. Typ. Max. Unit Notes

Inputlow Vv, RES, NMI, Vec=4.0t055V -0.3 —  Veecx02 V
voltage WKPO to WKP5,
TRQO to IRQ3,
ADTRG, TMIB1,
TMRIV, TMCIV,
FTIOAO to
FTIODO, FTIOA1
to FTIOD1, SCK3,
SCK3_2, TRGV
RXD, RXD_2, Vec=4.0t055V -0.3 — Veex03 V
SCL, SDA,
P10 to P12, -0.3 — Veex02 V
P14 to P17,
P20 to P24,
P30 to P37,
P50 to P57,
P60 to P67,
P70 to P72,
P74 to P76,
P85 to P87

PBO to PB7 Vec=4.0t055V -0.3 — Vee x 0.3
-0.3 — Vee x 0.2
OSCHt Vec=4.0to 5.5V 0.3 — 0.5
-0.3 — 0.3

-0.3 — Veex0.1 V

< < <1 <| <

Output Vou P10 to P12, Vec=40t055V Vee-1.0 —  —
high P14 to P17, I, = 5.0 mA
voltage P20 to P24,

P30 to P37, ~loy = 0.1 mA Vec-05 — — v

P50 to P55,

P60 to P67,

P70 to P72,

P74 to P76,

P85 to P87,

P56, P57 40V<Vcc<55 Vec-25 — — \Y
\'

—~loy = 0.1 mA

30V<Vcc<4.0 Vcc-20 — — \
\"

—loy=0.1 mA
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Values
Item Symbol Applicable Pins Test Condition Min. Typ. Max. Unit Notes
Output Vo P10 to P12, Vecc=4.0t055V — — 0.6 \
low P14 to P17, lo, = 1.6 mA
voltage P20 to P24,
P30 to P37, lo. = 0.4 mA — — 0.4 \Y
P50 to P57,
P70 to P72,
P74 to P76,
P85 to P87
Output Vo P60 to P67 Vcc=4.0t055V — — 15 \Y
low lo. =20.0 mA
voltage Vec=4.0t055V — — 10 Y
lo,=10.0 mA
Vec=4.0t055V — — 0.4 \'
lo,=1.6 MA
lo = 0.4 MA — — 04 Vv
SCL, SDA Vecc=4.0to 55V — — 0.6 \Y
lo, =6.0 mA
lo, =3.0 mA — — 0.4 \Y
Input/ [ 1] OSC1, TMIBH, V,=05Vor — — 1.0 pA
output RES, NMI, higher
leakage WKPO to WKP5, (Vcc—-0.5V)
current IRQO to IRQ3,
ADTRG, TRGV,
TMRIV, TMCIV,
FTIOAO to
FTIODO, FTIOA1
to FTIOD1, RXD,
RXD_2, SCK3,
SCK3_2, SCL,
SDA
P10 to P12, V,=0.5Vor — — 1.0 pA
P14 to P17, higher
P20 to P24, (Vec-0.5V)
P30 to P37,
P50 to P57,
P60 to P67,
P70 to P72,
P74 to P76,
P85 to P87
PBO0 to PB7 V,=0.5Vor — — 1.0 WA
higher
(AVcc - 0.5V)
Note: Connect the TEST pin to Vss.
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Values

Item Symbol Applicable Pins Test Condition Min. Typ. Max. Unit Notes

Pull-up -1, P10to P12, Vee=5.0V, 50.0 — 300.0 HA

MOS P14 to P17, V=00V

current P50 to P55 Vee=3.0V, — 60.0 — A  Reference
V=00V value

Input Cu All input pins f=1MHz, — — 15.0 pF

capaci- except power V=00V,

tance supply pins Ta=25°C

Active lope Vce Active mode 1 — 21.0 30.0 mA *

mode Vee=5.0V,

current fosc =20 MHz

5°nsump' Active mode 1 — 9.0 — mA *

lon Vee=3.0V, Reference
fosc = 10 MHz value

Active lopes Vce Active mode 2 — 1.8 3.0 mA *

mode Vec=5.0V,

current fose =20 MHz

;:.onsump- Active mode 2 — 12 — mA *

lon Vec=3.0V, Reference
fosc = 10 MHz value

Sleep [ Vece Sleep mode 1 — 175 225 mA *

mode Vee=5.0V,

current fosc =20 MHz

5°nsump' Sleep mode 1 — 75 — mA *

lon Vee=3.0V, Reference
fosc = 10 MHz value

I eeps Vcee Sleep mode 2 — 1.7 2.7 mA *

Vec=5.0V,
fosc =20 MHz
Sleep mode 2 — 1.1 — mA *
Vec=3.0V, Reference
fosc = 10 MHz value

Standby g, Vece — — 5.0 pA ¥

mode

current

consump-

tion

RAM data V., Vce 2.0 — — \

retaining

voltage
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Note: * Pin states during current consumption measurement are given below (excluding current
in the pull-up MOS transistors and output buffers).

Mode RES Pin Internal State Other Pins Oscillator Pins

Active mode 1 Vcee Operates Vce Main clock:

Active mode 2 Operates ceramic or crystal resonator
(0OSC/64)

Sleep mode 1 Vce Only timers operate Vcce

Sleep mode 2 Only timers operate
(0OSC/64)

Standby mode Vce CPU and timers Vce Main clock:
both stop ceramic or crystal resonator
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Table21.2 DC Characteristics(2)

Veec=3.0t055V,Vss=0.0V, Ta=-20to +75°C, unless otherwise indicated.

Applicable Values
Item Symbol  Pins Test Condition Min. Typ. Max.  Unit
Allowable output low |, Output pins Vec=4.0to55V — — 2.0 mA
current (per pin) except port 6,

SCL, and SDA

Port 6 — — 20.0 mA

Output pins — — 0.5 mA

except port 6,

SCL, and SDA

Port 6 —_ — 10.0 mA

SCL, SDA — — 6.0 mA
Allowable output low Xl Output pins Vec=4.0to55V — — 40.0 mA
current (total) except port 6,

SCL, and SDA

Port 6, SCL, and — — 80.0 mA

SDA

Output pins — — 20.0 mA

except port 6,

SCL, and SDA

Port 6, SCL, and — — 40.0 mA

SDA
Allowable output high \—IOH| All output pins Vec=4.0to 55V — — 5.0 mA
current (per pin) — — 0.2 mA
Allowable output high \—ZIOH | All output pins  Vcc=4.0to55V — — 50.0 mA
current (total) — — 8.0 mA
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21.2.3 AC Characteristics

Table21.3 AC Characteristics

Veec=3.0t055V,Vss=0.0V, Ta=-20to +75°C, unless otherwise indicated.

Applicable Values Reference
Item Symbol Pins Test Condition Min.  Typ. Max. Unit Figure
System clock fosc 0SCH, Vecc=4.0t0o55V 2.0 — 20.0 MHz *'
oscillation 0SC2
frequency 2.0 — 10.0 MHz
System clock (¢) 1 — 64 toee  *°
cycle time — — 128 us
Instruction cycle 2 — - ey
time
Oscillation t, 0OsCH, — — 10.0 ms
stabilization time 0Ssc2
(crystal resonator)
Oscillation t. 0OSsCH, — — 5.0 ms
stabilization time 0SsC2
(ceramic resonator)
External clock high t.., 0OSCH1 Vec=4.0to55V 200 — — ns Figure 21.1
width 400 — — s
External clock low t., OscC1 Vec=4.0t055V 200 — — ns
width 400 — — s
External clock rise  t, 0OsC1 Vec=4.0t055V — — 10.0 ns
time — — 150 ns
External clock fall  t., 0OSscC1 Vec=4.0t055V — — 10.0 ns
time — — 15.0 ns
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Item

Symbol

Applicable
Pins

Values

Test Condition Min.  Typ. Max.  Unit

Reference
Figure

RES pin low
width

REL

E

w

At power-on and in t_ — — ms
modes other than
those below

In active mode and 200 — — ns
sleep mode
operation

Figure 21.2

Input pin high
width

NMI, TMIBH1,
IRQO to
IRQ3,
WKPO to
WKP5,
TMCIV,
TMRIV,
TRGV,
ADTRG,
FTIOAO to
FTIODO,
FTIOA1 to
FTIOD1

cyc

Input pin low
width

NMI, TMIB1,
TRQO to
TRQ3,
WKPO to
WKP5,
TMCIV,
TMRIV,
TRGV,
ADTRG,
FTIOAO to
FTIODO,
FTIOA1 to
FTIOD1

cyc

Figure 21.3

Note: 1. When an external clock is input, the minimum system clock oscillator frequency is 1.0

MHz.

2. Determined by the MA2, MA1, and MAO bits in the system control register 2 (SYSCR2).
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Table21.4 1°C BuslInterface Timing

Vec=3.0t055V,Vss=0.0V, Ta=-20to +75°C, unless otherwise indicated.

Values

Test Reference

Item Symbol Condition Min. Typ. Max. Unit Figure
SCL input cycle time  t. 12t +600 — — ns Figure 21.4
SCL input high width  t, 3t +300 — — ns
SCL input low width ~ t, 5t,,+300 — — ns
SCL and SDA input  t — — 300 ns
fall time
SCL and SDA input  t, — — 1t ns
spike pulse removal
time
SDA input bus-free  t . 5t,, — — ns
time
Start condition input  t_,, 3t,,, — — ns
hold time
Retransmission start  t_,,¢ 3t — — ns
condition input setup
time
Setup time for stop  t 3t — — ns
condition input
Data-input setup time t_,, 1t,,.+20 — — ns
Data-input hold time  t,, 0 — — ns
Capacitive load of C, 0 — 400 pF
SCL and SDA
SCL and SDA output  t, Vec=4.0 — — 250 ns
fall time to5.5V

— — 300 ns
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Table21.5 Serial Communication Interface (SCI) Timing

Vec=3.0t055V,Vss=0.0V, Ta=-20to +75°C, unless otherwise indicated.

Applicable Values Reference

Iltem Symbol Pins Test Condition Min. Typ. Max. Unit Figure
Input Asynchro-  tg SCK3 4 - - tye Figure 21.5,
clock nous Figure 21.6
cycle Clocked 6 -

synchro-

nous
Input clock pulse tsow SCK3 04 — 06 |t
width
Transmit data delay  t,, TXD Vecc=4.0t055V — — 1 te Figure 21.6
time (clocked — — 1
synchronous)
Receive data setup  tqs RXD Vec=4.0to55V 500 — — ns
time (clocked 1000 — —
synchronous)
Receive data hold b RXD Vec=4.0to55V 500 — — ns
time (clocked 1000 — —
synchronous)
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21.2.4 A/D Converter Characteristics

Table21.6 A/D Converter Characteristics

Veec=3.0t055V,Vss=0.0V, Ta=-20to +75°C, unless otherwise indicated.

Applicable Test Values
Iltem Symbol Pins Condition Min. Typ. Max. Unit  Notes
Analog power supply AVcc AVcc 3.0 Vee 5.5 \Y *!
voltage
Analog input voltage AV ANO to Vss-03 — AVcc+03V
AN7
Analog power supply Al AVce AV, =50V — — 20 mA
current oo = 20 MHz
Al AVce — 50 — pA ¥
Reference
value
Al  AVce — — 50 pA  *°
Analog input Cun ANO to — — 300 pF
capacitance AN7
Allowable signal Ran ANO to — — 5.0 kQ
source impedance AN7
Resolution (data 10 10 10 Bit
length)
Conversion time AVcc=3.0to 134 - — tye
(single mode) 55V
Nonlinearity error — — 75 LSB
Offset error — — 75 LSB
Full-scale error — — %75 LSB
Quantization error — — 05 LSB
Absolute accuracy — — 8.0 LSB
Conversion time AVcc=4.0to 70 - — tye
(single mode) 55V
Nonlinearity error — — 75 LSB
Offset error — — 75 LSB
Full-scale error — — 75 LSB
Quantization error — — 05 LSB
Absolute accuracy — — 8.0 LSB
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Applicable Test Values
Item Symbol Pins Condition  Min. Typ. Max. Unit  Notes
Conversion time AVcc=4.0 134 - — tye
(single mode) to5.5V
Nonlinearity error — — 35 LSB
Offset error — — 35 LSB
Full-scale error — — 35 LSB
Quantization error — — 205 LSB
Absolute accuracy — — 4.0 LSB

Notes: 1. Set AVcc = Vcc when the A/D converter is not used.
2. Al is the current in active and sleep modes while the A/D converter is idle.
3. Alg,,, is the current at reset and in standby and subsleep modes while the A/D
converter is idle.

STOP1

21.25 Watchdog Timer Characteristics

Table21.7 Watchdog Timer Characteristics

Vee=3.0t055V, Vss=0.0V, Ta=-20to +75°C, unless otherwise indicated.

Applicable Test Values
Item Symbol Pins Condition Min. Typ. Max. Unit Notes
On-chip toue 0.2 0.4 — ] *
oscillator
overflow
time

Note: * Shows the time to count from 0 to 255, at which point an internal reset is generated,
when the internal oscillator is selected.
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21.2.6 Flash Memory Characteristics

Table21.8 Flash Memory Characteristics

Vcc=3.0t055V, Vss=0.0V, Ta=-20to +75°C, unless otherwise indicated.

Test Values

Item Symbol Condition Min. Typ. Max. Unit
Programming time (per 128 bytes)* "**+* t, — 7 200 ms
Erase time (per block) * "*°+° t. — 100 1200 ms
Reprogramming count Nyec 1000 10000 — Times
Programming Wait time after SWE bit X 1 — — ys

setting*’

Wait time after PSU bit y 50 — — us

setting*’

Wait time after P bit setting  z1 1<n<6 28 30 32 ys

* 1k z2 7<n<1000 198 200 202 us

z3 Additional- 8 10 12 ys
programming

Wait time after P bit clear*' o — — us

Wait time after PSU bit B 5 — — us

clear*'

Wait time after PV bit Y 4 — — ps

setting*'

Wait time after € 2 — — us

dummy write*'

Wait time after PV bit clear*' 7 2 — — us

Wait time after SWE bit 0 100 — — us

clear*'

Maximum programming N — — 1000 Times

count * "8
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Values
Test
Item Symbol Condition Min. Typ. Max. Unit
Erasing Wait time after SWE bit X 1 — — us
setting*’
Wait time after ESU bit y 100 — — us
setting*'
Wait time after E bit z 10 — 100 ms
setting*'*°
Wait time after E bit clear*’ o 10 — — us
Wait time after ESU bit B 10 — — Us
clear*'
Wait time after EV bit Y 20 — — us
setting*’
Wait time after dummy € 2 — — us
write*'
Wait time after EV bit clear*' n 4 — — ps
Wait time after SWE bit 0 100 — — us
clear*'
Maximum erase count *"***7 N — — 120 Times
Notes: 1. Make the time settings in accordance with the program/erase algorithms.

2. The programming time for 128 bytes. (Indicates the total time for which the P bit in flash
memory control register 1 (FLMCR1) is set. The program-verify time is not included.)

3. The time required to erase one block. (Indicates the time for which the E bit in flash
memory control register 1 (FLMCR1) is set. The erase-verify time is not included.)

4. Programming time maximum value (t.,(max.)) = wait time after P bit setting (z) x
maximum programming count (N)

5. Set the maximum programming count (N) according to the actual set values of z1, z2,
and z3, so that it does not exceed the programming time maximum value (t.,(max.)).
The wait time after P bit setting (z1, z2) should be changed as follows according to the
value of the programming count (n).

Programming count (n)
1<n<6 z1=30ps
7<n<1000 z2 =200 ps

6. Erase time maximum value (t.(max.)) = wait time after E bit setting (z) x maximum
erase count (N)

7. Set the maximum erase count (N) according to the actual set value of (z), so that it

does not exceed the erase time maximum value (t.(max.)).
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21.2.7 Power-Supply-Voltage Detection Circuit Characteristics

Table21.9 Power-Supply-Voltage Detection Circuit Characteristics

Vss=0.0V, Ta=-20to +75°C, unless otherwise indicated.

Values

Test
Item Symbol Condition Min. Typ. Max. Unit
Power-supply falling detection Vint (D) LVDSEL=0 3.3 3.7 — \%
voltage
Power-supply rising detection Vint (U) LVDSEL=0 — 4.0 45 v
voltage
Reset detection voltage 1*' Vreset1 LVDSEL=0 — 2.3 2.7 \%
Reset detection voltage 2** Vreset2 LVDSEL=1 3.0 3.6 4.2 v
Lower-limit voltage of LVDR V ommin 1.0 — — \%
operation*®
LVD stabilization time tLvoon 50 — — us
Current consumption in standby Isray LVDE = 1, — — 350 HA
mode Vec=5.0V
Notes: 1. This voltage should be used when the falling and rising voltage detection function is

used.
2. Select the low-voltage reset 2 when only the low-voltage detection reset is used.
3. When the power-supply voltage (Vcc) falls below V... = 1.0 V and then rises, a reset

may not occur. Therefore sufficient evaluation is required.
21.28 Power-On Reset Circuit Characteristics

Table21.10 Power-On Reset Circuit Characteristics

Vss=0.0V, Ta=-20to +75°C, unless otherwise indicated.

Test Values
Item Symbol Condition Min. Typ. Max. Unit
Pull-up resistance of RES pin Rees 100 150 — kQ
Power-on reset start voltage* Vo — — 100 mV

Note: * The power-supply voltage (Vcc) must fall below Vpor = 100 mV and then rise after
charge of the RES pin is removed completely. In order to remove charge of the RES
pin, it is recommended that the diode be placed in the Vcc side. If the power-supply
voltage (Vcc) rises from the point over 100 mV, a power-on reset may not occur.
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21.3 Operation Timing

P tosc |
ViH [ E
OSC1
Vi
_topn tepL
tepr . > tcpr

Figure21.1 System Clock Input Timing

Voo 7 Vec x0.7

o __ AJUVUVUVUUUUL
I

tgeL

A

ns]
m
[

Figure21.2 RES Low Width Timing

NMI, TMIB1

TRQO to IRQ3 ViH

WKPO to WKP5

ADTRG ViL

FTIOAO to FTIODO,

FTIOA1 to FTIOD1,

TMCIV, TMRIV tin

TRGV

Figure21.3 Input Timing
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tSCLH

SCL

tscLL ¢
Sr

tSCL
le—=- 5| |
tS DAH

Note: * S, P, and Sr represent the following:
S: Start condition
P: Stop condition
Sr: Retransmission start condition

Figure21.4 1°C BusInterface Input/Output Timing

tsckw

SCK3

Figure21.5 SCK3Input Clock Timing
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_ tScyc _
Vi or Vou'™
SCK3 V) or Vo|_ * Z
o
r -
TXD Vor
(transmit data) - VoL
trxs
<— | tRxH

s\ () X

Note: * Output timing reference levels
Output high: Vou=20V
Output low: Vo=08V
Load conditions are shown in figure 21.7.

Figure21.6 SCI Input/Output Timing in Clocked Synchronous Mode

21.4  Output Load Condition

2.4kQ

LSl output pin @ ? N

30 pF = 12kQ

lus

Figure21.7 Output Load Circuit
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A.

A.l

Appendix

I nstruction Set

Instruction List

Condition Code

Symbol Description

Rd General destination register

Rs General source register

Rn General register

ERd General destination register (address register or 32-bit register)

ERs General source register (address register or 32-bit register)

ERn General register (32-bit register)

(EAd) Destination operand

(EAs) Source operand

PC Program counter

SP Stack pointer

CCR Condition-code register

N N (negative) flag in CCR

Zz Z (zero) flag in CCR

\ V (overflow) flag in CCR

C C (carry) flag in CCR

disp Displacement

- Transfer from the operand on the left to the operand on the right, or transition from
the state on the left to the state on the right

+ Addition of the operands on both sides

- Subtraction of the operand on the right from the operand on the left

X Multiplication of the operands on both sides

+ Division of the operand on the left by the operand on the right

A Logical AND of the operands on both sides

v Logical OR of the operands on both sides
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Symbol Description
@ Logical exclusive OR of the operands on both sides
- NOT (logical complement)
(), <> Contents of operand
T Changed according to execution result
* Undetermined (no guaranteed value)
0 Clearedto 0
1 Setto 1
— Not affected by execution of the instruction
A Varies depending on conditions, described in notes

Note: General registers include 8-bit registers (ROH to R7H and ROL to R7L) and 16-bit registers
(RO to R7 and EO to E7).
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TableA.1

Instruction Set

1. Data Transfer Instructions

Addressing Mode and No. of
Instruction Length (bytes) States”"
+
=2 £ |o = i
g & 2 E © :,» (§3 Condition Code £ §
Mnemonic §%|&|e|®|&|&|&|e| | |operation Hinlz]v]c| 2| R
MOV [MOV.B #xx:8, Rd B|2 #xx:8 — Rd8 —|T(T]0|— 2
MOV.B Rs, Rd B 2 Rs8 — Rd8 —|T|%|0|— 2
MOV.B @ERs, Rd B 2 @ERs — Rd8 —(T(T|0|— 4
MOV.B @(d:16, ERs), Rd | B 4 @(d:16, ERs) — Rd8 —[(2(2|0|— 6
MOV.B @(d:24, ERs), Rd | B @(d:24, ERs) — Rd8 —[T[T|o|—| 10
MOV.B @ERs+, Rd B 2 @ERs — Rd8 —[T|T|0|— 6
ERs32+1 — ERs32
MOV.B @aa:8, Rd B 2 @aa:8 — Rd8 —(T(T]0]|— 4
MOV.B @aa:16, Rd B 4 @aa:16 — Rd8 —|T|T|0]|— 6
MOV.B @aa:24, Rd B 6 @aa:24 — Rd8 —[(T|T|0|— 8
MOV.B Rs, @ERd B 2 Rs8 — @ERd —(T|T|0|— 4
MOV.B Rs, @(d:16, ERd) | B Rs8 — @(d:16, ERd) —[(T(T|0|— 6
MOV.B Rs, @(d:24, ERd) | B Rs8 — @(d:24, ERd) —|T|T|o|—| 10
MOV.B Rs, @—ERd B 2 ERd32-1 — ERd32 —[(T|T|0|— 6
Rs8 — @ERd
MOV.B Rs, @aa:8 B 2 Rs8 —» @aa:8 —(T(T]0]|— 4
MOV.B Rs, @aa:16 B 4 Rs8 — @aa:16 —(T|T|0|— 6
MOV.B Rs, @aa:24 B 6 Rs8 — @aa:24 —[T|T|0|— 8
MOV.W #xx:16, Rd W |4 #xx:16 — Rd16 —|T|T|0]|— 4
MOV.W Rs, Rd w 2 Rs16 — Rd16 —(T(T|0|— 2
MOV.W @ERs, Rd w 2 @ERs — Rd16 —[(2(2|0|— 4
MOV.W @(d:16, ERs), Rd | W @(d:16, ERs) — Rd16 —[T|T|0|— 6
MOV.W @(d:24, ERs), Rd | W @(d:24, ERs) — Rd16 —[2|T|0|— 10
MOV.W @ERs+, Rd w 2 @ERs — Rd16 —[(T(T|0|— 6
ERs32+2 —» @ERd32
MOV.W @aa:16, Rd w 4 @aa:16 — Rd16 —[T|T|0|— 6
MOV.W @aa:24, Rd w 6 @aa:24 — Rd16 —(T|T|0|— 8
MOV.W Rs, @ERd w 2 Rs16 — @ERd —[(T(T|0|— 4
MOV.W Rs, @(d:16, ERd) | W Rs16 — @(d:16, ERd) —[2(T|0|— 6
MOV.W Rs, @ (d:24, ERd) | W Rs16 — @(d:24, ERd) —|T|T|o|—| 10
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Addressing Mode and No. of
Instruction Length (bytes) States*'
4
9 x
(7] ~| 4
e c|® ~ 3
g c|Elg] 8] g |2
= |- 5 || 3 Condition Code €| @
) Slxlc|luw|lBlTI|s|[2|® ) ]
Mnemonic O|X|z|®|0®|®|Q®|®|®]| | [Operation I |H{N|Z]|V zZ|<
MOV [MOV.W Rs, @-ERd w 2 ERd32-2 — ERd32 —|—[2 |2 1o 6
Rs16 —» @ERd
MOV.W Rs, @aa:16 w 4 Rs16 — @aa:16 —|—[T1|T 1|0 6
MOV.W Rs, @aa:24 W 6 Rs16 — @aa:24 —|—|T|T |0 8
MOV.L #xx:32, Rd L|6 #xx:32 — Rd32 —|—|T|T |0 6
MOV.L ERs, ERd L 2 ERs32 — ERd32 —|—|T|T |0 2
MOV.L @ERs, ERd L 4 @ERs — ERd32 —[—|T T |0 8
MOV.L @(d:16, ERs), ERd | L @(d:16, ERs) > ERd32 |—|—[2 [T |0 10
MOV.L @(d:24, ERs), ERd | L 10 @(d:24, ERs) > ERd32 |—|—[2 [T |0 14
MOV.L @ERs+, ERd L 4 @ERs — ERd32 —|—|T|T |0 10
ERs32+4 — ERs32
MOV.L @aa:16, ERd L 6 @aa:16 — ERd32 —[—|T T |0 10
MOV.L @aa:24, ERd L 8 @aa:24 — ERd32 —[—|T|T]o0 12
MOV.L ERs, @ERd L 4 ERs32 —» @ERd —|—|T T |0 8
MOV.L ERs, @(d:16, ERd) | L ERs32 — @(d:16,ERd) |—|—|Z |2 |0 10
MOV.L ERs, @(d:24, ERd) | L 10 ERs32 — @(d:24,ERd) |—|—|T [T |0 14
MOV.L ERs, @-ERd L 4 ERd32-4 — ERd32 —[—|T T |0 10
ERs32 —» @ERd
MOV.L ERs, @aa:16 L 6 ERs32 —» @aa:16 —|—|T|T |0 10
MOV.L ERs, @aa:24 L 8 ERs32 —» @aa:24 —[—|T T |0 12
POP [POP.W Rn w 2 |@SP — Rn16 —[—|T T |0 6
SP+2 — SP
POP.L ERn L 4 |@SP — ERN32 —|—|T|T |0 10
SP+4 — SP
PUSH|PUSH.W Rn w 2 |SP-2 — SP —[—|T T |0 6
Rn16 —» @SP
PUSH.L ERn L 4 |SP—4 — SP —|—[2|2]o 10
ERn32 - @SP
MovFPE| MOVFPE @aa:16, Rd B 4 Cannot be used in Cannot be used in
this LSI this LSI
MovTPE|MOVTPE Rs, @aa:16 B 4 Cannot be used in Cannot be used in
this LSI this LSI
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2. Arithmetic Instructions

Addressing Mode and No. of
Instruction Length (bytes) States*'
2
2 £2 |g .| B
g % S:CJ : B:IJ e : g) Condition Code E §
Mnemonic Sl¥|&|e|e|®|e|®|®]| | | operation Hin]z]v]c| 2|2
ADD |ADD.B #xx:8, Rd B|2 Rd8+#xx:8 — Rd8 TiT|T(T|2 2
ADD.B Rs, Rd B 2 Rd8+Rs8 — Rd8 TiT|T(T]|2 2
ADD.W #xx:16, Rd Wl 4 Rd16+#xx:16 — Rd16 MHITITIT|T 4
ADD.W Rs, Rd w 2 Rd16+Rs16 — Rd16 Mzl 2
ADD.L #xx:32, ERd L|6 ERd32+#xx:32 — @T|T|T|T 6
ERd32
ADD.L ERs, ERd L 2 ERd32+ERs32 — @(z]|T(T]2 2
ERd32
ADDX |ADDX.B #xx:8, Rd B2 Rd8+#xx:8 +C — Rd8 T1T|®T |2 2
ADDX.B Rs, Rd B 2 Rd8+Rs8 +C — Rd8 TiTi@|T]|T 2
ADDS |ADDS.L #1, ERd L 2 ERd32+1 — ERd32 —|—=|—=|—=]=| 2
ADDS.L #2, ERd L 2 ERd32+2 — ERd32 —|—=|—=|—=]—] 2
ADDS.L #4, ERd L 2 ERd32+4 — ERd32 —|=|=|—=]=| 2
INC [INC.BRd B 2 Rd8+1 — Rd8 —|T(T|T|—| =2
INC.W #1, Rd w 2 Rd16+1 — Rd16 —|T(T|T|—| =2
INC.W #2, Rd w 2 Rd16+2 — Rd16 —|T]T|T|—| =2
INC.L #1, ERd L 2 ERd32+1 — ERd32 —[T(T|T|—] 2
INC.L #2, ERd L 2 ERd32+2 — ERd32 —|T(T|T|—| =2
DAA |DAA Rd B 2 Rd8 decimal adjust Sl RO BON I 2
— Rd8
SUB [SUB.BRs, Rd B 2 Rd8-Rs8 — Rd8 Tis|T(T|e 2
SUB.W #xx:16, Rd w4 Rd16—#xx:16 — Rd16 Mmizl|T(T|e 4
SUB.W Rs, Rd w 2 Rd16-Rs16 — Rd16 MT|T|T|T 2
SUB.L #xx:32, ERd L|6 ERd32-#xx:32 — ERd32|— [(2)[ T [T [T | T 6
SUB.L ERs, ERd L 2 ERd32-ERs32 — ERd32|—[(2)| 2 [T [T | T 2
SUBX |SUBX.B #xx:8, Rd B|2 Rd8—#xx:8-C — Rd8 TITi@|T]|T 2
SUBX.B Rs, Rd B 2 Rd8-Rs8-C — Rd8 TiTi@|T]|T 2
SUBS [SUBS.L #1, ERd L 2 ERd32-1 — ERd32 —|—=|—=|—=]—] 2
SUBS.L #2, ERd L 2 ERd32-2 — ERd32 —|—=|—=|—=]—] 2
SUBS.L #4, ERd L 2 ERd32—4 — ERd32 —|=|—=|=]=| 2
DEC |DEC.BRd B 2 Rd8-1 — Rd8 —|T(T|T|—| =2
DEC.W #1, Rd w 2 Rd16-1 — Rd16 —|T(T|T|—| =2
DEC.W #2, Rd w 2 Rd16-2 — Rd16 —|T(z|T|—| =2
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Addressing Mode and No. of
Instruction Length (bytes) States*'

P2

[}

& _|@
- | ® —~ 3
2 el S 8 — | o
< c|W|y a|m e © c
8| 5 Zls|u|g|s ‘@5 Condition Code E| S
Mnemonic S|§|&|e|®|®|©|®|®| | |operation alnlz[v]c] 2|2

DEC |DEC.L #1, ERd L 2 ERd32-1 — ERd32 e e BON BON BON B
DEC.L #2, ERd L 2 ERd32-2 — ERd32 — =122 |—

DAS |DAS.Rd B 2 Rd8 decimal adjust —[* || |*|—

— Rd8
MULXU [MULXU. B Rs, Rd B 2 Rd8 x Rs8 — Rd16 — == === 14
(unsigned multiplication)
MULXU. W Rs, ERd w 2 Rd16 xRs16 - ERd32 |—|—|—|—|—|— 22
(unsigned multiplication)
MULXS |MULXS. B Rs, Rd B 4 Rd8 x Rs8 — Rd16 — =TT |—]— 16
(signed multiplication)
MULXS. W Rs, ERd w 4 Rd16 x Rs16 - ERd32 |[—|— [T |T [—|— 24
(signed multiplication)
DIVXU |DIVXU. B Rs, Rd B 2 Rd16 + Rs8 — Rd16 —|—®)|D)|—|— 14
(RdH: remainder,
RdL: quotient)
(unsigned division)
DIVXU. W Rs, ERd w 2 ERd32 - Rs16 — ERd32 |—|—|[(6)|(7)|—|—| 22
(Ed: remainder,
Rd: quotient)
(unsigned division)
DIVXS |DIVXS. B Rs, Rd B 4 Rd16 + Rs8 — Rd16 —[— (@) |7 —|— 16
(RdH: remainder,
RdL: quotient)
(signed division)
DIVXS. W Rs, ERd w 4 ERd32 + Rs16 — ERd32 |—|—|[(8)|(7)|—|— 24
(Ed: remainder,
Rd: quotient)
(signed division)

CMP |[CMP.B #xx:8, Rd B|2 Rd8—#xx:8 —1212121212 2
CMP.B Rs, Rd B 2 Rd8-Rs8 —1Z21T|T|T|2 2
CMP.W #xx:16, Rd Wl 4 Rd16-#xx:16 —MT|ITITI|T 4
CMP.W Rs, Rd w 2 Rd16-Rs16 —|MT|T|T|T 2
CMP.L #xx:32, ERd L|6 ERd32—-#xx:32 —1@|T|T|T]|2 4
CMP.L ERs, ERd L 2 ERd32-ERs32 —1@|T|T|T]2 2
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Addressing Mode and No. of
Instruction Length (bytes) States*'
P
3 4
n ~| Y
=8| |~ 3
2 5 E 8 © T |2
o o8 glol s Condition Code E| S
) SlxlclU|S|1|s(S© _ 5|3
Mnemonic O£z |®|®|®|0®|d®|®| | |Operation I|H|N|[Z|V|C|Z | <<
NEG |NEG.B Rd B 2 0-Rd8 — Rd8 —|T|T|T|T|T 2
NEG.W Rd w 2 0-Rd16 — Rd16 —|T(T|T(T|T 2
NEG.L ERd L 2 0-ERd32 — ERd32 —(T|T|T|T]|2 2
EXTU |EXTU.W Rd w 2 0 — (<bits 15 to 8> —|—|0|T|0]|— 2
of Rd16)
EXTU.L ERd L 2 0 — (<bits 31 to 16> —|—|0|T]|0|— 2
of ERd32)
EXTS [EXTS.W Rd w 2 (<bit 7> of Rd16) — —|—|T|T|0|— 2
(<bits 15 to 8> of Rd16)
EXTS.L ERd L 2 (<bit 15> of ERd32) — —|—|T|T]|0|— 2
(<bits 31 to 16> of
ERd32)
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3. Logic Instructions

Addressing Mode and No. of
Instruction Length (bytes) States*!
+
g &
%) |y
2 £12 | .| B
T c|W|g 0| " T |
. g | o E o |_|IJ gls ‘é‘) _ Condition Code g g
Mnemonic <EIHECIECIEIEIEEE Operation HIN|z|Vv|c|Z2|<
AND |AND.B #xx:8, Rd B|2 Rd8A#xx:8 — Rd8 —|T(T|0|— 2
AND.B Rs, Rd B 2 Rd8ARs8 — Rd8 —|2|T|0|— 2
AND.W #xx:16, Rd Wi 4 Rd16A#xx:16 — Rd16 —|2|T]0|— 4
AND.W Rs, Rd w 2 Rd16ARs16 — Rd16 —|T|T|0|— 2
AND.L #xx:32, ERd L|6 ERd32#xx:32 — ERd32 —|2|T]0|— 6
AND.L ERs, ERd L 4 ERd32AERs32 — ERd32 —|2|T]0|— 4
OR |OR.B #xx:8, Rd B|2 Rd8#xx:8 — Rd8 —|2|T]0|— 2
OR.B Rs, Rd B 2 Rd8Rs8 — Rd8 —|2|T]|0|— 2
OR.W #xx:16, Rd w4 Rd164xx:16 — Rd16 —|2|T]0|— 4
OR.W Rs, Rd w 2 Rd16/Rs16 — Rd16 —|2|T|0|— 2
OR.L #xx:32, ERd L|6 ERd324xx:32 — ERd32 —|T|T|0|— 6
OR.L ERs, ERd L 4 ERd32ERs32 — ERd32 —|2|T|0|— 4
XOR |XOR.B #xx:8, Rd B|2 Rd8®#xx:8 — Rd8 —|T(T|0]|— 2
XOR.B Rs, Rd B 2 Rd8®Rs8 — Rd8 —|T|T|0|— 2
XOR.W #xx:16, Rd Wi 4 Rd16@#xx:16 — Rd16 —|T|T|0|— 4
XOR.W Rs, Rd w 2 Rd16®Rs16 — Rd16 —|2|T|0|— 2
XOR.L #xx:32, ERd L|6 ERd32®#xx:32 — ERd32 —|2|T|0|— 6
XOR.L ERs, ERd L 4 ERd32®ERs32 — ERd32 —|2|T]0|— 4
NOT [NOT.BRd B 2 - Rd8 — Rd8 —|2|T]0|— 2
NOT.W Rd w 2 - Rd16 — Rd16 —|T|T|0|— 2
NOT.L ERd L 2 - Rd32 — Rd32 —|2|T|0|— 2
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4, Shift Instructions

Addressing Mode and No. of
Instruction Length (bytes) States”"
+
8 Rl

= €18l |o N

= c|W|g 0O|c T | 2

- g | o % S|i|g|s ‘@E) - Condition Code g g

Mnemonic O|#||®|®|®|®|®|®| | | Operation HiN|Zz|Vv]|c|Z|<
SHAL |SHAL.B Rd B 2 ¢0 — i i i i 2
SHAL.W Rd w 2 — 2
SHAL.L ERd L 2 msB LSB EENEIEIE 2
SHAR |SHAR.B Rd B 2 —[T|{T]|0]|T 2
SHAR.W Rd w| |2 l_ —Jtlzs]ofe] 2
SHAR.L ERd L 2 MSB LsB —|2|slof2] 2
SHLL |SHLL.B Rd B 2 —|2(2]o|2 2
SHLL.W Rd w 2 EO —|2(2]o|2 2
SHLL.L ERd L 2 MSB LSB —[2]2]0]|2 2
SHLR |SHLR.B Rd B 2 —(T|T|0|T 2
SHLR.W Rd w| |2 o~ [ —Tzltlolz| 2
SHLR.L ERd L 2 MSB LSB —|T|T]0]|2 2
ROTXL |ROTXL.B Rd B 2 —[{212]0|T 2
ROTXL.W Rd w 2 —[T|{T|0]|T 2
ROTXL.L ERd L 2 MSB<——LSB —[T(T]0]|2 2
ROTXR |ROTXR.B Rd B 2 —|2(2]o|2T 2
ROTXR.W Rd w 2 _ —|T(T]0|T 2
ROTXR.L ERd L 2 MSB——LSB —(2|2]0]2 2
ROTL |ROTL.B Rd B 2 —(T|T|0|T 2
ROTL.W Rd w 2 Q —(T|T|0|T 2
ROTL.L ERd L 2 MSB~——LSB —(2|2]0o]2 2
ROTR |ROTR.B Rd B 2 —[2]2]0]|2 2
ROTR.W Rd w 2 f’;‘r —[T(T|0]|T 2
ROTR.L ERd L 2 MSB LsSB —|t[s|of2| 2
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5. Bit-Manipulation Instructions

Addressing Mode and No. of
Instruction Length (bytes) States*!
+
2 _|&
2 g2 o <%
g y é : E:IJ o _ac} (§) Condition Code g §
Mnemonic S5 2|®|8®|e|e|6|e| | |operation HiN|z|V 2|2
BSET |BSET #xx:3, Rd B (#xx:3 of Rd8) « 1 e e el 2
BSET #xx:3, @ERd | B 4 (#xx:3 of @ERd) « 1 —|—=|—— 8
BSET #xx:3, @aa:8 | B 4 (#xx:3 of @aa:8) « 1 e e el 8
BSET Rn, Rd B 2 (Rn8 of Rd8) « 1 ———|— 2
BSET Rn, @ERd B 4 (Rn8 of @ERd) « 1 ———|— 8
BSET Rn, @aa:8 B 4 (Rn8 of @aa:8) « 1 — === 8
BCLR |BCLR #xx:3, Rd B 2 (#xx:3 of Rd8) «— 0 —|—|—|— 2
BCLR #xx:3, @ERd | B 4 (#xx:3 of @ERd) «- 0 — === 8
BCLR #xx:3, @aa:8 | B 4 (#xx:3 of @aa:8) « 0 — === 8
BCLR Rn, Rd B 2 (Rn8 of Rd8) « 0 —|—|—— 2
BCLR Rn, @ERd B 4 (Rn8 of @ERd) « 0 —|—|—— 8
BCLR Rn, @aa:8 B 4 (Rn8 of @aa:8) « 0 ——|—|— 8
BNOT [BNOT #xx:3, Rd B 2 (#xx:3 of Rd8) « ———|— 2
= (#xx:3 of Rd8)
BNOT #xx:3, @ERd | B 4 (#xx:3 of @ERd) « — === 8
- (#xx:3 of @ERd)
BNOT #xx:3, @aa:8 | B 4 (#xx:3 of @aa:8) « ——|—|— 8
- (#xx:3 of @aa:8)
BNOT Rn, Rd B 2 (Rn8 of Rd8) « — === 2
- (Rn8 of Rd8)
BNOT Rn, @ERd B 4 (Rn8 of @ERd) « —|—|—— 8
- (Rn8 of @ERd)
BNOT Rn, @aa:8 B 4 (Rn8 of @aa:8) « — === 8
- (Rn8 of @aa:8)
BTST |BTST #xx:3, Rd B 2 - (#xx:3 of Rd8) — Z — =17 |— 2
BTST #xx:3, @ERd | B 4 = (#xx:3 of @ERd) — Z — =17 |— 6
BTST #xx:3, @aa:8 | B 4 - (#xx:3 of @aa:8) —» Z — =17 |— 6
BTST Rn, Rd B 2 - (Rn8 of @Rd8) — Z — =17 |— 2
BTST Rn, @ERd B 4 - (Rn8 of @ERd) — Z — =17 |—= 6
BTST Rn, @aa:8 B 4 - (Rn8 of @aa:8) » Z — =17 |— 6
BLD |BLD #xx:3, Rd B 2 (#xx:3 of Rd8) —» C —|—|—|— 2
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Addressing Mode and No. of
Instruction Length (bytes) States*!
£

g c IEIEJ % 9 o} © E

_ g «| o 5 3 ﬂcl_, g|s é} _ Condition Code % %s

Mnemonic O|£|x|®|®|®|®|®|®| | |[Operation Hinlzlvicl 2| <
BLD |BLD #xx:3, @ERd B 4 (#xx:3 of @ERd) —» C ——[—=[—=]7Z 6
BLD #xx:3, @aa:8 B 4 (#xx:3 of @aa:8) » C —|—[—=[—=]Z 6
BILD |BILD #xx:3, Rd B 2 - (#xx:3 of Rd8) — C —|—|—=]—17 2
BILD #xx:3, @ERd B 4 - (#xx:3 of @ERd) — C —|—=[—=—17 6
BILD #xx:3, @aa:8 B 4 - (#xx:3 of @aa:8) —» C ——[—[—]Z 6
BST |[BST #xx:3, Rd B 2 C — (#xx:3 of Rd8) — == |—|— 2
BST #xx:3, @ERd B 4 C — (#xx:3 of @ERd24) — = === 8
BST #xx:3, @aa:8 B 4 C — (#xx:3 of @aa:8) B el e 8
BIST |BIST #xx:3, Rd B 2 - C — (#xx:3 of Rd8) — === 2
BIST #xx:3, @ERd B 4 = C — (#xx:3 of @ERd24) — === 8
BIST #xx:3, @aa:8 B 4 - C — (#xx:3 of @aa:8) — === 8
BAND |BAND #xx:3, Rd B 2 CAa(#xx:3 of Rd8) — C —|—|—=]—17 2
BAND #xx:3, @ERd | B 4 CA(#xx:3 of @ERd24) — C —|—=[—=—]7 6
BAND #xx:3, @aa:8 | B 4 CA(#xx:3 of @aa:8) —» C —|—=]=]—=|7 6
BIAND |BIAND #xx:3, Rd B 2 CAa = (#xx:3 of Rd8) — C —|—|—=]—12 2
BIAND #xx:3, @ERd | B 4 CAa = (#xx:3 of @ERd24) — C —|—=[—=—]Z 6
BIAND #xx:3, @aa:8 | B 4 Ch = (#xx:3 of @aa:8) — C —|—=[—=—1Z 6
BOR |BOR #xx:3, Rd B 2 Cv(#xx:3 of Rd8) — C —|—=]=]—|7 2
BOR #xx:3, @ERd B 4 Cv(#xx:3 of @ERd24) — C ——[—[—]7Z 6
BOR #xx:3, @aa:8 B 4 Cv(#xx:3 of @aa:8) —» C ——[—[—=]7Z 6
BIOR |BIOR #xx:3, Rd B 2 Cv = (#xx:3 of Rd8) — C —|—=[—=—1Z 2
BIOR #xx:3, @ERd | B 4 Cv - (#xx:3 of @ERd24) —» C —|—=[—=—17 6
BIOR #xx:3, @aa:8 | B 4 Cv = (#xx:3 of @aa:8) —» C —|—=[—=—17 6
BXOR |BXOR #xx:3, Rd B 2 Co(#xx:3 of Rd8) — C —|—|—]—17 2
BXOR #xx:3, @ERd | B 4 Co(#xx:3 of @ERd24) — C e e el e B 6
BXOR #xx:3, @aa:8 | B 4 C@(#xx:3 of @aa:8) — C —[—=]=]|—=|7 6
BIXOR |BIXOR #xx:3, Rd B 2 C® - (#xx:3 of Rd8) — C —|—=]=|—=|7 2
BIXOR #xx:3, @ERd | B 4 C® - (#xx:3 of @ERd24) — C —|—=|=]—=12 6
BIXOR #xx:3, @aa:8 | B 4 C® - (#xx:3 of @aa:8) - C —|—=[—=—1Z 6
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6. Branching Instructions

Addressing Mode and No. of
Instruction Length (bytes) States*!
P4
I z

(%} =18 =

- g1 o o}

S clu|g ala T |8

@ Clslu|aels|S Branch Condition Code E|S

) Sl xlc|uw|Sli(s|2|® ranc Sz

Mnemonic O|#|x|®|®|®|®|®|®| | |operation | Condition |1 [H [N |z |V 2| <
Bcc |[BRAd:8 (BT d:8) 2 If condition |Always —|—|—=|—=|— 4
BRA d:16 (BT d:16) — 4 is true then = ==]= 5
BRN d:8 (BF d:8) — 2 PC « PC+d[\ver —===1= 4

else next;
BRN d:16 (BF d:16) — 4 === 6
BHI d:8 — 2 CvzZ=0 —|—=[=]=]= 4
BHI d:16 — 4 —=T=T=1= 5
BLS d:8 — 2 CvzZ=1 —=1=1=1= 4
BLS d:16 — 4 —==1=1= 5
BCC d:8 (BHS d:8) — 2 ) === 2
BCC d:16 (BHS d:16) — 4 — = === 6
BCS d:8 (BLO d:8) — 2 C=1 —_=T=1=1= 2
BCS d:16 (BLO d:16) | — 4 —=1=1=1= 6
BNE d:8 — 2 Z-0 —_—T=1=1= 4
BNE d:16 — 4 —==1=1= 5
BEQ d:8 — 2 Z=1 —=1=1=1= 4
BEQ d:16 — 4 === 5
BVC d:8 — 2 V=0 — = === 4
BVC d:16 — 4 —=T=1=1= 5
BVS d:8 — 2 V=1 —|=|=]=]- 4
BVS d:16 — 4 — = === 6
BPL d:8 — 2 N=0 —_=]=1=]= 4
BPL d:16 — 4 —=1=1=1= 5
BMI d:8 — 2 N=1 —|— === 4
BMI d:16 — 4 = === 6
BGE d:8 — 2 N@V =0 —|=1=]=1= 4
BGE d:16 — 4 === 6
BLT d:8 — 2 N®V = 1 —|—=[=]=]= 4
BLT d:16 — 4 —=T=T=1= 5
BGT d:8 — 2 Zv(NeV)=0 |—|—|—|—|— 4
BGT d:16 — 4 —==1=1= 5
BLE d:8 — 2 Zv(NeV) =1 [ —|—|—|—|— 4
BLE d:16 — 4 —==1=1= 5
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Addressing Mode and No. of
Instruction Length (bytes) States*!
2
I 4
n ~|4
S(®] [~ k5
E Elel |8]g 7|8
g & 5 Gl o s ‘@5 Condition Code E| S
% wisli|s|(2 S
Mnemonic S§|%|&|®|®|®|e|®|e| | |operation ufnlz[v]c] 2|2
JMP |JMP @ERn — 2 PC « ERn — = === 4
JMP @aa:24 — 4 PC « aa:24 el el el el el 6
JMP @ @aa:8 — 2 PC « @aa:8 —|—|—|—|—|—] 8 | 10
BSR [BSRd:8 — 2 PC » @-SP —|—|—|—|—|—]| 6
PC « PC+d:8
BSR d:16 — 4 PC —» @-SP —|—|—=|—|—[—]| 8 |10
PC « PC+d:16
JSR [JSR @ERnN — 2 PC - @-SP —|—|—|—]—|—]| 6 | 8
PC « ERn
JSR @aa:24 — 4 PC - @-SP —|—|—|—|—|—]| 8 | 10
PC « aa:24
JSR @ @aa:8 — 2 PC —» @-SP —|—|—|—|—|—] 8 | 12
PC « @aa:8
RTS |RTS — 2 |PC « @SP+ —|—|—|—|—|—]| 8 | 10
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7. System Control Instructions

Addressing Mode and No. of
Instruction Length (bytes) States™"
£
5 &
s c|® ~ B
S x|z 8 — | o
I c|W|x o| o . © o
= o BEES i AP Y Condition Code E| ©
) 2 lxlc|WiS|I|3|2|© ) 5|5
Mnemonic O|#|z|®|®|®|®|®|®| | [Operation lH|N[z|v]|c|Z|<
TRAPA | TRAPA #x:2 — 2 |PC—» @-SP 1T |—|—|—|—|—]|14 | 16
CCR —» @-SP
<vector> - PC
RTE [RTE — CCR « @SP+ TIT{TIT|T|T| 10
PC « @SP+
SLEEP|SLEEP — Transition to power- — = === 2
down state
LDC |LDC #xx:8, CCR B2 #xx:8 — CCR TITIT(T(T|T 2
LDC Rs, CCR B 2 Rs8 — CCR TIT(T|T|T|T 2
LDC @ERs, CCR w 4 @ERs — CCR TIT(T|T|T|T 6
LDC @(d:16, ERs), CCR |W 6 @(d:16, ERs) — CCR Tzt 8
LDC @(d:24, ERs), CCR |W 10 @(d:24, ERs) —» CCR TITIT(T(T|T 12
LDC @ERs+, CCR w 4 @ERs — CCR 8
ERs32+2 — ERs32 Hrjrr e
LDC @aa:16, CCR w 6 @aa:16 — CCR TIT|IT(T(T|T 8
LDC @aa:24, CCR W 8 @aa:24 — CCR TIT|T|IT|T|T 10
STC |STC CCR, Rd B 2 CCR — Rd8 ——=|=|=|=|—| 2
STC CCR, @ERd w 4 CCR — @ERd — === |—|— 6
STC CCR, @(d:16, ERd) |W 6 CCR - @(d:16,ERd) |—|—|—|—|—|—| 8
STC CCR, @(d:24, ERd) |W 10 CCR - @(d:24, ERd) |—|—|—|—|—[—| 12
STC CCR, @-ERd W 4 ERd32-2 — ERd32 —|—|—|—|—]— 8
CCR — @ERd
STC CCR, @aa:16 w 6 CCR — @aa:16 —|——|—]—|— 8
STC CCR, @aa:24 w 8 CCR — @aa:24 —|——|—]—|— 10
ANDC |ANDC #xx:8, CCR B CCRA#xx:8 — CCR TITIT(T(T|2 2
ORC |ORC #xx:8, CCR B CCRv#xx:8 — CCR TIT|T|T(T|2 2
XORC [XORC #xx:8, CCR B CCR®#xx:8 — CCR 2IT1T121212 2
NOP [NOP — 2 |PC « PC+2 — = === 2
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8. Block Transfer Instructions

Addressing Mode and No. of
Instruction Length (bytes) States*!
p
° | ® n ®
c x|= O — o
& c|W|x 0| » T | &
:,g_ | - Els Ulg|s é’) Condition Code % g
Mnemonic O|X||®|®|®|®|®|®| | |Operation i lHINlzlv]c] 2| <
eepmov ([EEPMOV. B — 4 |if R4L # 0 then —|—|—|—|—|—] 8+
repeat @R5 — @R6 4n"2
R5+1 - R5
R6+1 — R6
R4L-1 — R4L
until R4L=0
else next
EEPMOV. W — 4 |if R4 # 0 then —|—|—|—|—|—] 8+
repeat @R5 — @R6 4n*?
R5+1 — R5
R6+1 — R6
R4-1 — R4
until R4=0
else next

Notes: 1. The number of states in cases where the instruction code and its operands are located
in on-chip memory is shown here. For other cases see Appendix A.3, Number of
Execution States.

2. The value n is set in register R4L or R4.
(1) Setto 1 when a carry or borrow occurs at bit 11; otherwise cleared to 0.
) Setto 1 when a carry or borrow occurs at bit 27; otherwise cleared to 0.
(3) Retains its previous value when the result is zero; otherwise cleared to 0.
) Set to 1 when the adjustment produces a carry; otherwise retains its previous value.
)

The number of states required for execution of an instruction that transfers data in
synchronization with the E clock is variable.

(6) Setto 1 when the divisor is negative; otherwise cleared to 0.
(7) Setto 1 when the divisor is zero; otherwise cleared to 0.
(8) Setto 1 when the quotient is negative; otherwise cleared to 0.
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Operation Code Map

A2

TableA.2 Operation Code Map (1)

AOW 4
anv 3
HOX a
"o )
xans g
dwo v
xaav 6
aav 8
aTig_~|aNvig_~aoxid~| doid
~.<m_m£ NONd33 N.<Aw_vaﬂ N.<Aw_ve¢ NOW e | daval foxal ~tos £
- 1sia | w108 | Long | 13sg
AOW anv | HoX HO 9
1sa
(@
ysr ysg dnr v ogey| VavHL | 3rd use sid | nxad | nxInw | nxaia | nxanw S
318 199 118 308 Ing 1dg sng ona | o3s | ana sog | 008 s18 IHg NHg vug v
€
a'AON
2
(2 (@) (@ (@ . . . (@) (@ () (@
zvoeiqer| X8NS dno 2'v elqeL | 2'v elqel ans zveiqey | FANY | HOX | 8HO o 5qe) oy elqeL |2y eldelL gy eler|  *
(@ (2 (@ (2
2y emey| Xaav AOW v ol |2y aael aav oa1 | oanv | odox | owo | oa1 oIS |,y eqey| dON 0
4 3 a o a v 6 g L 9 S ¥ € z b 0 Hv
v
"T'SI HE 40 1Ig Ued 1 UBS 1S0W UBYM Lo 1oN.IsU|
19 [Hg [ 1V [HY
‘0SS! HE 4O 11g Ued 1 IUBIS 1SOW UBYM Lo 1oN.ISU| a1Aq puz | @1AQ ST | ©p0d uononisu|
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TableA.2 Operation CodeMap (2)

awv | wox | Ho | ens | dwo | aav | row | wz
awv | Hox | Ho | ens | 4awo | aav | Aow 6L
8 | w8 | 118 | 308 | ma | 1d8 | sne | ona | o3@ | 3ng | soa | 008 | s1@ | HE | Nua | v 85
dno sva 4
03a o3a ans 03a 03a sans | &
ans o3a vi
s1x3 s1x3 oaN oaN nuxa nixa L1ON LON Lt
e HLOH HXLOH HXLOH £l
108 108 X108 IXL0H 2
HVYHS HVHS H1IHS H1HS Ll
IVHS IVHS TIHS TIHS ot
NOW vva 40
NI onI saav NI NI saav | @0
aav NI vo
. N . 43318 o18/001 AOW 10
4 3 a ) 8 v 6 8 L 9 s v € 2 ' 0 Im._< Hv
79 [HE [ 1V |HY
91Aq puz | @1Aq 1ST | :©p00 uonon.Isu|
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TableA.2 Operation Code Map (3)

‘plol} SsaIppe ainjosqe ay} S| ee g
‘plal uoneubisap Jaysibal 8y} SiJ * | :S9I0N

4109 1ONg 1389 |z« LBed4/
1sig
4109 1ONg 1389 |z« 9€B4.L
1S9
and ANVIg HOXIg dolg
1s19 FL7AL-EVA
ang adNvd HOXd H04
1s18 2+x9eR3/L
47108 1ONg 13s9 1x204aL
1sig
41049 1ONg 1389 1x904QL
1s9
ang ANVIg HOX|9 dolg
1s14 1+ L0402
alg aNvg HOXd 404
1s14 1¥90102
anvy HOX d0 90410
SXAIQ SXAIQ soato
SXTINN SXTINN S0010
ol1s ol1Ss ol1Ss ol1s
oan oan oan oan 90710
HOg
Ha1v
4 a g 6 L 9 g 4 € z ! 0 HY
10
"TSIHQ 0 }1g Jued1}ubIs 1SoW UayMm uoonsu|
1a |HA |10 [HO [ 19 [HEG | IV [HY
'0'SI HQ J0 11q JUed}IUB IS 1S0W UBYMm uoonuIsu| 914q U [@14q pig [ @1Ad pug | 814q ST | ©p0d UoHdNSU|
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A3 Number of Execution States

The status of execution for each instruction of the H8/300H CPU and the method of calculating
the number of states required for instruction execution are shown below. Table A.4 shows the
number of cycles of each type occurring in each instruction, such asinstruction fetch and data
read/write. Table A.3 shows the number of states required for each cycle. The total number of
states required for execution of an instruction can be calculated by the following expression:

Execution states = I xS + Jx S, + KxS, +L xS +MxS,+ Nx S,
Examples. When instruction is fetched from on-chip ROM, and an on-chip RAM is accessed.
BSET #0, @FF00

From table A .4:
I=L=2, J=K=M=N=0

From table A.3:
S = 2, SL =2

Number of states required for execution=2x2+2x2=8

When instruction is fetched from on-chip ROM, branch address is read from on-chip ROM, and
on-chip RAM isused for stack area.

JSR @@ 30

From table A .4:
1=2, J=K=1, L=M=N=0

From table A.3:
§=§5=§=2

Number of states required for execution=2x2+1x2+1x2=8
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TableA.3 Number of Cyclesin Each Instruction

Execution Status Access Location

(Instruction Cycle) On-Chip Memory On-Chip Peripheral Module
Instruction fetch S 2 —

Branch address read S,

Stack operation S,

Byte data access S, 2o0r3*

Word data access S, 2 or3*

Internal operation S, 1

Note: * Depends on which on-chip peripheral module is accessed. For details, see section
20.1, Register Addresses (Address Order).
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TableA.4 Number of Cyclesin Each Instruction

Instruction Mnemonic

Instruction Branch Stack
Addr. Read Operation

Fetch
|

J K

M

Word Data Internal
Access Operation

N

ADD

ADD.B #xx:8, Rd
ADD.B Rs, Rd
ADD.W #xx:16, Rd
ADD.W Rs, Rd
ADD.L #xx:32, ERd
ADD.L ERs, ERd

1
1

ADDS

ADDS #1/2/4, ERd

ADDX

ADDX #xx:8, Rd
ADDX Rs, Rd

AND

AND.B #xx:8, Rd
AND.B Rs, Rd
AND.W #xx:16, Rd
AND.W Rs, Rd
AND.L #xx:32, ERd
AND.L ERs, ERd

ANDC

ANDC #xx:8, CCR

BAND

BAND #xx:3, Rd
BAND #xx:3, @ERd
BAND #xx:3, @aa:8

N

Bcce

BRA d:8 (BT d:8)
BRN d:8 (BF d:8)
BHI d:8

BLS d:8

BCC d:8 (BHS d:8)
BCS d:8 (BLO d:8)
BNE d:8

BEQd:8

BVC d:8

BVS d:8

BPL d:8

BMI d:8

BGE d:8

N NN DD DD N NN NN N NN

RENESAS
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Instruction Mnemonic

Instruction Branch Stack
Addr. Read Operation

Fetch
|

J K

Internal
Operation
N

Bcc

BLT d:8

BGT d:8

BLE d:8

BRA d:16(BT d:16)
BRN d:16(BF d:16)
BHI d:16

BLS d:16

BCC d:16(BHS d:16)
BCS d:16(BLO d:16)
BNE d:16

BEQ d:16

BVC d:16

BVS d:16

BPL d:16

BMI d:16

BGE d:16

BLT d:16

BGT d:16

BLE d:16

N DD DD DN NN DN NN NN NN NN N DN DN NN

L T o T R A e A A A e I \" T \° I \°]

BCLR

BCLR #xx:3, Rd
BCLR #xx:3, @ERd
BCLR #xx:3, @aa:8
BCLR Rn, Rd
BCLR Rn, @ERd
BCLR Rn, @aa:8

-

NN

BIAND

BIAND #xx:3, Rd
BIAND #xx:3, @ERd
BIAND #xx:3, @aa:8

BILD

BILD #xx:3, Rd
BILD #xx:3, @ERd
BILD #xx:3, @aa:8
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Instruction Branch Stack Byte Data Word Data Internal
Fetch Addr. Read Operation Access Access Operation

Instruction Mnemonic | J K L M N
BIOR BIOR #xx:8, Rd 1

BIOR #xx:8, @ERd 2 1

BIOR #xx:8, @aa:8 2 1
BIST BIST #xx:3, Rd 1

BIST #xx:3, @ERd 2 2

BIST #xx:3, @aa:8 2 2
BIXOR BIXOR #xx:3, Rd 1

BIXOR #xx:3, @ERd 2 1

BIXOR #xx:3, @aa:8 2 1
BLD BLD #xx:3, Rd 1

BLD #xx:3, @ERd 2 1

BLD #xx:3, @aa:8 2 1
BNOT BNOT #xx:3, Rd 1

BNOT #xx:3, @ERd 2 2

BNOT #xx:3, @aa:8 2 2

BNOT Rn, Rd 1

BNOT Rn, @ERd 2 2

BNOT Rn, @aa:8 2 2
BOR BOR #xx:3, Rd 1

BOR #xx:3, @ERd 2 1

BOR #xx:3, @aa:8 2 1
BSET BSET #xx:3, Rd 1

BSET #xx:3, @ERd 2 2

BSET #xx:3, @aa:8 2 2

BSET Rn, Rd 1

BSET Rn, @ERd 2 2

BSET Rn, @aa:8 2 2
BSR BSR d:8 2 1

BSR d:16 2 1 2
BST BST #xx:3, Rd 1

BST #xx:3, @ERd 2 2

BST #xx:3, @aa:8 2 2
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Instruction Branch Stack Byte Data Word Data Internal
Fetch Addr. Read Operation Access Access Operation
Instruction Mnemonic | J K L M N
BTST BTST #xx:3, Rd 1
BTST #xx:3, @ERd 2 1
BTST #xx:3, @aa:8 2 1
BTST Rn, Rd 1
BTST Rn, @ERd 2 1
BTST Rn, @aa:8 2 1

BXOR BXOR #xx:3, Rd

-

BXOR #xx:3, @ERd

NN
—_

BXOR #xx:3, @aa:8

CMP CMP.B #xx:8, Rd 1
CMP.B Rs, Rd 1
CMP.W #xx:16, Rd 2
CMP.W Rs, Rd 1
CMP.L #xx:32, ERd 3
CMP.L ERs, ERd 1
DAA DAA Rd 1
DAS DAS Rd 1
DEC DEC.B Rd 1
DEC.W #1/2, Rd 1
DEC.L #1/2, ERd 1
DUVXS DIVXS.B Rs, Rd 2 12
DIVXS.W Rs, ERd 2 20
DIVXU DIVXU.B Rs, Rd 1 12
DIVXU.W Rs, ERd 1 20
EEPMOV  EEPMOV.B 2 2n+2*'
EEPMOV.W 2 2n+2*"
EXTS EXTS.W Rd 1
EXTS.L ERd 1
EXTU EXTU.W Rd 1
EXTU.L ERd 1
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Instruction

Mnemonic

Instruction Branch Stack Byte Data Word Data Internal
Fetch Addr. Read Operation Access Access Operation
| J K L M N

INC

INC.B Rd
INC.W #1/2, Rd
INC.L #1/2, ERd

1

JMP

JMP @ERn
JMP @aa:24
JMP @ @aa:8

JSR

JSR @ERn
JSR @aa:24
JSR @ @aa:8

N N DN NN
—_
N

LDC

LDC #xx:8, CCR

LDC Rs, CCR
LDC@ERs, CCR
LDC@(d:16, ERs), CCR
LDC@(d:24,ERs), CCR
LDC@ERs+, CCR
LDC@aa:16, CCR
LDC@aa:24, CCR

-

A WO N O W N
-y

MOV

MOV.B #xx:8, Rd

MOV.B Rs, Rd

MOV.B @ERs, Rd
MOV.B @(d:16, ERs), Rd
MOV.B @(d:24, ERs), Rd
MOV.B @ERs+, Rd
MOV.B @aa:8, Rd
MOV.B @aa:16, Rd
MOV.B @aa:24, Rd
MOV.B Rs, @Erd
MOV.B Rs, @(d:16, ERd)
MOV.B Rs, @(d:24, ERd)
MOV.B Rs, @-ERd
MOV.B Rs, @aa:8

w N
—_

AN
—_
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Instruction Mnemonic

Instruction Branch Stack
Addr. Read Operation

Fetch
|

J K

Byte Data
Access
L

Word Data Internal
Access Operation
M N

MOV

MOV.B Rs, @aa:16
MOV.B Rs, @aa:24
MOV.W #xx:16, Rd
MOV.W Rs, Rd

MOV.W @ERs, Rd
MOV.W @(d:16,ERs), Rd
MOV.W @(d:24,ERs), Rd
MOV.W @ERs+, Rd
MOV.W @aa:16, Rd
MOV.W @aa:24, Rd
MOV.W Rs, @ERd
MOV.W Rs, @(d:16,ERd)
MOV.W Rs, @(d:24,ERd)

2
3
2

- 4

- W N = DN

S~ N

1
1

MOV

MOV.W Rs, @-ERd
MOV.W Rs, @aa:16
MOV.W Rs, @aa:24
MOV.L #xx:32, ERd
MOV.L ERs, ERd

MOV.L @ERs, ERd
MOV.L @(d:16,ERs), ERd
MOV.L @(d:24,ERs), ERd
MOV.L @ERs+, ERd
MOV.L @aa:16, ERd
MOV.L @aa:24, ERd
MOV.L ERs,@ERd
MOV.L ERs, @(d:16,ERd)
MOV.L ERs, @(d:24,ERd)
MOV.L ERs, @-ERd
MOV.L ERs, @aa:16
MOV.L ERs, @aa:24

w w N =

e

NN DD NN NN DD NN DN NN

MOVFPE

MOVFPE @aa:16, Rd**

MOVTPE

MOVTPE Rs,@aa:16**

NN WO N W N A WD O WD
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Instruction

Mnemonic

Instruction Branch Stack Byte Data Word Data Internal
Addr. Read Operation Access Access Operation

Fetch
|

J K

L M N

MULXS

MULXS.B Rs, Rd
MULXS.W Rs, ERd

2
2

12
20

MULXU

MULXU.B Rs, Rd
MULXU.W Rs, ERd

12
20

NEG

NEG.B Rd
NEG.W Rd
NEG.L ERd

NOP

NOP

NOT

NOT.B Rd
NOT.W Rd
NOT.L ERd

OR

OR.B #xx:8, Rd
OR.B Rs, Rd
OR.W #xx:16, Rd
OR.W Rs, Rd
OR.L #xx:32, ERd
OR.L ERs, ERd

ORC

ORC #xx:8, CCR

POP

POP.W Rn
POP.L ERn

PUSH

PUSH.W Rn
PUSH.L ERn

ROTL

ROTL.B Rd
ROTL.W Rd
ROTL.L ERd

ROTR

ROTR.B Rd
ROTR.W Rd
ROTR.L ERd

ROTXL

ROTXL.B Rd
ROTXL.W Rd
ROTXL.L ERd

RENESAS
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Instruction Branch Stack Byte Data Word Data Internal
Fetch Addr. Read Operation Access Access Operation

Instruction Mnemonic | J K L M N
ROTXR ROTXR.B Rd 1

ROTXR.W Rd 1

ROTXR.L ERd 1
RTE RTE 2 2 2
RTS RTS 2 1 2
SHAL SHAL.B Rd 1

SHAL.W Rd 1

SHAL.L ERd 1
SHAR SHAR.B Rd 1

SHAR.W Rd 1

SHAR.L ERd 1
SHLL SHLL.B Rd 1

SHLL.W Rd 1

SHLL.L ERd 1
SHLR SHLR.B Rd 1

SHLR.W Rd 1

SHLR.L ERd 1
SLEEP SLEEP 1
STC STC CCR, Rd 1

STC CCR, @ERd 2 1

STC CCR, @(d:16,ERd) 3 1

STC CCR, @(d:24,ERd) 5 1

STC CCR,@-ERd 2 1 2

STC CCR, @aa:16 3 1

STC CCR, @aa:24 4 1
SUB SUB.B Rs, Rd 1

SUB.W #xx:16, Rd 2

SUB.W Rs, Rd 1

SUB.L #xx:32, ERd 3

SUB.L ERs, ERd 1
SUBS SUBS #1/2/4, ERd 1
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Instruction Branch Stack Byte Data Word Data Internal
Fetch Addr. Read Operation Access Access Operation
Instruction Mnemonic | J K L M N
SUBX SUBX #xx:8, Rd 1
SUBX. Rs, Rd 1
TRAPA TRAPA #xx:2 2 1 2 4
XOR XOR.B #xx:8, Rd 1
XOR.B Rs, Rd 1
XOR.W #xx:16, Rd 2
XOR.W Rs, Rd 1
XOR.L #xx:32, ERd 3
XOR.L ERs, ERd 2
XORC XORC #xx:8, CCR 1

Notes: 1. n: Specified value in R4L and R4. The source and destination operands are accessed
n+1 times respectively.

2. Cannot be used in this LSI.
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A4 Combinations of I nstructions and Addressing M odes

TableA.5 Combinationsof Instructionsand Addressing M odes

Addressing Mode

o
|25 ~
i O |2 |
cle|3|Z|=]8|3|5|8|5
_ , x|l |lmwl2|Z2|uw|ld|8|8|2|2|0©
Functions Instructions ¥l |®|® |0 |® |0 |0 |0 |6 |6 |0 |
Data MOV BWL|BWL|BWL|BWL|BWL|BWL| B |BWL|BWL| — | — | — | —
transfer | poOp, PUSH — | —|=-]=-]=]=-]=|=]=-|=-[]—=-|—=[w
instructions MOVFPE, I A A A A
MOVTPE
Arithmetic | ADD, CMP BWLBWL| — | — | — | — | — | — | — | — | — | — | —
operations [gyB welBwL| — | —m | —m | —m | == | = | = | = | = | = | —
ADDX, SUBX B B|—|—|—-|—-|—|—|—|—|—|—|—
ADDS, SUBS — |l |- —-|—|—|—|—|—|—|—
INC, DEC —BWL| — | — | — | — | — | — | — | — | — | ==
DAA, DAS - /B |- —|—|—|—|—|—|—|—
MULXU, — BV | — | - ||| === = | ===
MULXS,
DIVXU,
DIVXS
NEG —BWL| — | — | — | — | — | — | === | —|—
EXTU, EXTS —ww| - === == | —|— | —
Logical AND, OR, XOR —BWL| — | — | — | — | — | — | — | — | ===
operations [NOT — BWLl —m | —m | —m | —m | = | = | — | — | = | = | —
Shift operations —BWL| — | — [ — | — | — | — | — | — | — | — | —
Bit manipulations — | B B|—|—|—|B|—|—|—|—|—|—
Branching |BCC, BSR el el el el el el el el e e el Bt B
instructions JMP, JSR — | —10|=|l=]=1=1=1=1010|-=1|-=
RTS — -] == =]—-10|—-1—-101| -
System TRAPA - === = === =|=]—=-1—=-10
.control. RTE — -] =]=]=]=1=1=|=1=|=1=10
instructions SLEEP T = =T =T=T=1T=1=1T=T=7T=70
LDC B BI{W|W|IW[IW|—|W|W|—|—|—1]0O
STC — | B|W|W|W|W|—|W|W|—|—|—]|—
ANDC, ORC, B|—|—|—|—|—|—|=—|=—|—=|—|—]=
XORC
NOP — -] =|=|=|=|=1=]—=|=10
Block data transfer instructons | — | — | — | — | — | — | — | — | — | — | — | — |BW
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B. I/O Port Block Diagrams

B.1 I/0 Port Block Diagrams

RES goeslow in areset, and SBY goeslow at areset and in standby mode.

Internal data bus

i .-

l‘j \—4 Pull-up MOS

V
IRQ
TRGV ~—]
[Legend]
PUCR: Port pull-up control register
PMR: Port mode register

PDR: Port data register
PCR: Port control register

(.3? ZXTA

FigureB.1 Port 1 Block Diagram (P17)
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Internal data bus
A RES SBY

.-
[pun | >
[For | —4

\—4 Pull-up MOS

(.3? Lo -

T
Ol

[Legend]

PUCR: Port pull-up control register
PMR: Port mode register

PDR: Port data register

PCR: Port control register

FigureB.2 Port 1 Block Diagram (P16, P14)
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Internal data bus BRES IS=V2
N RES S

\_4 Pull-up MOS

PR [

PCR

|
Il PDR II _s|:>_|

£
~
TP—

TMIBA

[Legend]
PUCR :
PMR :

IRQ ‘] @)

Port pull-up control register
Port mode register

PDR: Port data register
PCR: Port control register

FigureB.3 Port 1 Block Diagram (P15)

RENESAS
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Internal data bus N
RES SBY
7\

B
Y
P

\_4 Pull-up MOS

—{ »—

|PDR | _al:)_l

\4

[Legend]

PUCR : Port pull-up control register
PDR: Port data register

PCR: Port control register

FigureB.4 Port 1 Block Diagram (P12, P10)
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Internal data bus _—
A RES SBY

PUCR D |

| [£

\_‘1 Pull-up MOS

e
[g
s}

>
PDR - _aE)_l

PCR p

ZXTA

[Legend]

PUCR : Port pull-up control register
PMR : Port mode register

PDR: Port data register

PCR: Port control register

FigureB.5 Port 1 Block Diagram (P11)
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Internal data bus

A SBY
[pue | [ >
|| PDR || . _cl:)_l
PCR
fl}
~
NV
[Legend]

PMR : Port mode register
PDR: Port data register
PCR: Port control register

FigureB.6 Port 2 Block Diagram (P24, P23)

Rev. 2.00 Sep. 23, 2005 Page 416 of 444
REJ09B0068-0200 RENESAS



Appendix

Internal data bus

A SBY
for ] SBE
|| PDR II qD_I
PCR
f‘}
~
NV

[Legend]

PMR: Port mode register
PDR : Port data register
PCR: Port control register

FigureB.7 Port 2 Block Diagram (P22)
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SBY
Internal data bus
7\
|PDR I _;l:)—l
sci3 ~

g \/
RE
D d

[Legend]

PDR: Port data register
PCR: Port control register

FigureB.8 Port 2 Block Diagram (P21)
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SCI3
i SCKIE
SCKOE ) —{ »—
Internal data bus
—[ron | O
PDR
fl}
~
\/
SCKO
SCKI T P
................. (Legend]

PDR: Port data register
PCR: Port control register

FigureB.9 Port 2 Block Diagram (P20)
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Internal data bus

A SBY
|| PDR II _cl:)_l
PCR
f‘}
~
\ Vg
[Legend]

PDR : Port data register
PCR : Port control register

FigureB.10 Port 3 Block Diagram (P37 to P30)
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Internal data bus

[ 1

—| PDR
PCR
1c2
""""""""""" / ~d
: ICE ?
i SDAO/SCLO

! spAWsCLI —@_,

[Legend]

PMR : Port mode register
PDR : Port data register
PCR : Port control register

FigureB.11 Port 5 Block Diagram (P57, P56)
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Internal data bus

A RES  SBY
R
L‘* Pull-up MOS
[P 4
|PDR I j:)_l
s
~
V
e @
ADTRG
[Legend]

PUCR: Port pull-up control register
PMR: Port mode register

PDR: Port data register

PCR: Port control register

FigureB.12 Port5 Block Diagram (P55)
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Internal data bus
7\

>

\—4 Pull-up MOS
|PMR I : 1 »—
|PDR I _:ID_l

=
=
T

d

[Legend]

PUCR: Port pull-up control register
PMR: Port mode register

PDR: Port data register

PCR: Port control register

FigureB.13 Port 5 Block Diagram (P54 to P50)
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Internal data bus SBY
AN

Timer Z

:Output control p
signals AtoD i | ) ; ) _D)_cl

FTIOA to
FTIOD

"""""""" SN

[Legend]
PDR : Port data register
PCR : Port control register

FigureB.14 Port 6 Block Diagram (P67 to P60)
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Internal data bus
7\

[Por ] O

[Legend]
PDR: Port data register
PCR: Port control register

FigureB.15 Port 7 Block Diagram (P76)
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Internal data bus

A SBY
DD

|PDR I _oD_l

PCR
T
~

merV . v
TMCIVE‘—@i

PDR: Port data register
PCR: Port control register

FigureB.16 Port 7 Block Diagram (P75)
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Internal data bus
7\

|PDR I _aE)_l
Timer V

2

%
TMRIV —@7

[Legend]
PDR: Port data register
PCR: Port control register

FigureB.17 Port 7 Block Diagram (P74)
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Internal data bus

A SBY
e ] SBEs
|| PDR II qD_I
PCR »
fl}
~
..... SCB2...
: TXD
[Legend]

PMR : Port mode register
PDR: Port data register
PCR : Port control register

FigureB.18 Port 7 Block Diagram (P72)
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7\

Internal data bus

—d_J D_q
[Pom ] —LH—
——|PCR
fl}
SCI3_2 ~d

PR—— \/
RE
........... o ]
[Legend]

PDR : Port data register
PCR : Port control register

FigureB.19 Port 7 Block Diagram (P71)

RENESAS
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SCI3_2

SCKIE
SCKOE —{ »—

—

Internal data bus

N || PDR II qD_I

PCR p

SCKO
SCKI

8 ZXTA

[Legend]
PDR : Port data register
PCR : Port control register

FigureB.20 Port 7 Block Diagram (P70)
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Internal data bus

A SBY
>
|PDR I _:.ID_I
7
~
V
[Legend]

PDR: Port data register
PCR: Port control register

FigureB.21 Port 8 Block Diagram (P87 to P85)

RENESAS
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Internal data bus
7\

A/D converter

[oec [——— —cratocro |

IQBQ CH31to CHO |
IS ? VIN

\4

FigureB.22 Port B Block Diagram (PB7 to PBO)
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B.2 Port Statesin Each Operating State

Port Reset Sleep Subsleep Standby Active

P17 to P14, High Retained Retained High Functioning

P12 to P10 impedance impedance*

P24 to P20 High Retained Retained High Functioning
impedance impedance

P37 to P30 High Retained Retained High Functioning
impedance impedance

P57 to P50 High Retained Retained High Functioning
impedance impedance*

P67 to P60 High Retained Retained High Functioning
impedance impedance

P76 to P74, High Retained Retained High Functioning

P72 to P70 impedance impedance

P87 to P85 High Retained Retained High Functioning
impedance impedance

PB7 to PBO High High High High High
impedance impedance impedance impedance impedance

Note: * High level output when the pull-up MOS turns on.

RENESAS
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C. Product Code Lineup

Product Classification Product Code Model Marking

HD64F36064GH  DF36064GH

Package Code
QFP-64 (FP-64A)

H8/36064GF Flash memory Product with
version POR & LVDC

HD64F36064GPF DF36064GPF LQFP-64 (FP-64E)

D. Package Dimensions

The package dimensions that are shown in the Renesas Semiconductor Packages Data Book have
priority.
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FigureD.1 FP-64A Package Dimensions
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FigureD.1 FP-64E Package Dimensions
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Main Revisions and Additions in this Edition

Item Page Revision (See Manual for Details)

Preface Vi

When using the on-chip emulator (E7, E8) for H8/36064
program development and debugging, the following
restrictions must be noted.

1. The NMI pin is reserved for the E7 or E8, and cannot be
used.

3. Area H'7000 to H'7FFF is used by the E7 or E8, and is not
available to the user.

5. When the E7 or ES8 is used, address breaks can be set as
either available to the user or for use by the E7 or E8. If
address breaks are set as being used by the E7 or ES8, the
address break control registers must not be accessed.

6. When the E7 or E8 is used, NMI is an input/output pin
(open-drain in output mode).

Note has been deleted.

Section 7 ROM 79 The features of the 32-kbyte (4 kbytes are used for E7 or E8
control program area) flash memory built into the flash
memory (F-ZTAT) version are summarized below.

Section 8 RAM 95 Note: * When the E7 or E8 is used, area H'F780 to H'FB7F
must not be accessed.

Section 12 Timer Z 157

12.3.2 Timer Mode Bit Bit Name :Description

Register (TMDR) 0 SYNC i Timer Synchronization

50: TCNT_1 and TCNT_O operate as a different
v timer

51: TCNT_1 and TCNT_O are synchronized

i TCNT_1 and TCNT_O can be pre-set or
cleared synchronously

12.4.4 Synchronous 187  Figure 12.20 shows an example of synchronous operation. In

Operation this example, synchronous operation has been selected,

FTIOBO and FTIOB1 have been designated for PWM mode,
GRA_0 compare match has been set as the channel 0
counter clearing source, and synchronous clearing has been
set for the channel 1 counter clearing source. In addition, the
same input clock has been set as the counter input clock for
channel 0 and channel 1. Two-phase PWM waveforms are
output from pins FTIOBO and FTIOB1.
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12.4.9 Timer Z Output 216 T T

Timing |‘ > '|

Figure 12.44 Example of 0

Output Disable Timing of :

Timer Z by Writing to Address bus >< TOER address X

TOER —_— =
ILTpeL:thin Timer output x 1/ port

Timer Z output 1/0 port

Figure 12.45 Example of = 216 1 M M M MM ML FLrrr
Output Disable Timing of

Timer Z by External Trigger

TOER N X 4 |HFF
)
Ti 2 (C
oult?uetrpin Timer Z output X r)r) 1/0 port
f
pJ
Timer Z output | 1/0 port

13.2.1 Timer Control/Status 230,

Register WD (TCSRWD) 231 Bit Bit Name iDescription

________________ B e e e e e

4  TCSRWE :Timer Control/Status Register WD Write Enable

________________ B oo e e e e e e e e

2 WDON :Watchdog Timer On

EThe TCWD starts counting up when the WDON
Ebit is set to 1 and halts when the WDON bit is
icleared to 0. The WDT is set enabled by default.
ETo disable the WDT, clear this bit to 0.

:[Clearing conditions]
‘e When writing O to the B2WI bit and 0 to the
E WDON bit while the TCSRWE bit =1.

WDON bit while the TCSRWE bit =1.

E- When writing 1 to the B2WI bit and 0 to the

13.3 Operation 233  Swapped with new one.
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Section 16 I°C Bus 292

Interface 2 (11C2) Bit Bit Name Description

16.35 120 Bus Status 5 sToP Stop Condiion DeectonFlag

Register (ICSR)
[Setting Conditions]
¢ In master mode, when a stop condition is
detected after frame transfer
¢ In slave mode, when a stop condition is
detected after the general call address or the
first byte slave address, next to detection of
start condition, accords with the address set
in SAR
[Clearing Condition]
e When 0 is written in STOP after reading
STOP =1
16.7 Usage Notes 315 Added
17.3.1 A/D Data Registers 320  Therefore byte access to ADDR should be done by reading the
Ato D (ADDRA to upper byte first then the lower one. Word access is also
ADDRD) possible. The ADDR is initialized to H'0000.
Section 21 Electrical 366
Characteristics Mode RES Pin Internal State
21.2.2 DC Characteristics Active mode 1 V., Operates
E?\t:;(%tgﬁslt:?(:cs (1) Active mode 2 Operates
(¢OSC/64)
Sleep mode 1 Vo Only timers operate
Sleep mode 2 Only timers operate
(¢OSC/64)
Appendix 435, Swapped with new ones.

D.1 Package Dimensions 436

Rev. 2.00 Sep. 23, 2005 Page 439 of 354
RENESAS REJ09B0068-0200



Rev. 2.00 Sep. 23, 2005 Page 440 of 354
REJ09B0068-0200 RENESAS



Numerics D
14-bit PWM ..o, 235 Data transfer instructions ...........c..cccceueeee. 19
A E
A/D CONVEILET ..c.eveeeeiieiieieeieeie e 289 Effective address........cceeveeeeeeeienieneenen. 32
Absolute address.........ccocevveiieiieienienen. 30 Effective address extension....................... 28
Acknowledge........ccoveiiiininiiiieee 297 Electrical characteristics ............c.cceceeune 359
Address break .........cocceveiiiiiiiineee. 59 Erase/erase-verify .........cocevoevenencncencennn. 91
Addressing modes..........cccoevereeerieienenen. 29 Erasing units ........cccceeerenenenenceeeeenen 80
Arithmetic operations instructions............ 20 Error protection..........ccveeeveeeeeeecieesrieeennennn 93
Asynchronous mode ...........cccceeevercennnne 256 Event counter operation .............cccceuee... 132
Auto-reload timer operation ................... 132 Exception handling ..........ccccooceviivnencnen. 43
B F
Bit manipulation instructions.................... 23 Flash memory .......ccooccvevieieniinieceeeee 79
Bit rate ....oooveeieeieieeeeee e 249 Framing error ........ccoeceeveeieeieieeneeeee, 260
Bit synchronous circuit..........cccceeceeeenee 314
Block data transfer instructions ................ 27
Boot mode ........occociiiiiiiiiiice 85 G
BOOt Program........ccoovviiiiiininiiiniinns 84 General TEZISETS .....uvvurvrrrrererrreeeeereneenns 12
Branch instructions ...........cccceeeeeeeeeeeenee. 25
Break sending .........ccoceveveienencnceienne 276
Buffer operation.............cccoevevieniiecniennnnne 208 H
Hardware protection............cccceeeveevverueenen. 93
C
Clock pulse generators..........ccoceeveereeennenne 65 I
Clock synchronous serial format............ 305 I/O port block diagrams ...........ccccceeueeeeen. 411
Clocked synchronous mode................... 264 I/O POTLS .ot 97
Complementary PWM mode................. 197 I2C bus FOIMA oo 296
Cond%‘qon field....... e 28 I2C bus interface 2 (11C2) v 279
Condition-code register (CCR)............... 13 Immediate .......coooeeeeeeieieee e 31
CPU e 9
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Input capture function.............coevevennen. 183 P
INSrUCtion St ....c.cvveveeerueeeeriieeerriiieeennes 18 Package ......ccovevveiniieiie 2
Internal INterrupts ......cceevveevvrenveeriennenennes 55 Package dimensions..........cccceeeveeneennene 434
Internal power supply step-down circuit 341 Parity €ITor........ccveveveveeereriiereeeeeeeeenens 260
Interrupt mask bit .........ccccevineinininn 14 Pin assignment ...........ccocevveereneninenenenncnn 4
Interrupt response time .........ccocevveeveeeeeneee 56 Power supply circuit ........cccoeceveeeeeenne. 341
Interval timer operation .............ccoeue.... 131 Power-down modes..........c..coeeeeerrieriennens 69
IRQ3 to IRQO interrupts........ccervererenennne 53 Power-on reset and low-voltage detection
CITCUILS et euveeeiieeereeeiieesreeireereeeeeeeeaeeenes 331
Power-on reset Circuit .........cveeeveeeeeveenens 336
L Prescaler S .....oooovvvviiiiieeeeeeeeeeeeeee 68
Large CUTTent POILS..........covevvereeeererererrnnnns 2 Product code lineup .........ccooeuvieiiiniinines 434
List Of T@IStETS ......ovvveeveeeeeeeeeeerereeans 343 Program counter (PC) ..., 13
Logic operations instructions.................... 22 Program/program-verify .............coccoceeen. 88
LVDI (interrupt by low voltage detect) Program-counter relative .............cccoeeuen. 31
CITCUIL .ttt 338 Programmer mode............ccocoocniniininiinn. 94
LVDR (reset by low voltage detect) Programming units...........ccocceeveereeenennenne 80
CITCUIL .vtvteeieieie ettt 337 Programming/erasing in user program
MO ..ottt 87
PWMmode......ccooovvienieieieeeeeeee, 187
M
Mark State .......cccvevvieierierieieere e 276
Memory Indir€Ct .......oeeveeevereververeerreennenns 31 R
MEMOTY MAP ..o 10 RAM Lo 95
Module standby function.............cccueeneee. 78 Register addresses (address order).......... 344
Multiprocessor communication function 270 Register bits .....cceeevvecvevienieiieieeeeieenne 350
Register direct.......ccoovvevveeiiicienienieieeieans 29
Register field.........ccooovevieiiecieieieeee 27
N Register indirect.........ccocvevvveeeerienieiiens 30
NMIAEITUPL ..o 53 Register indirect with displacement.......... 30
Noise canceler .......oeevvevveiieeneenieeieennens 308 Register indirect with post-increment....... 30
Register indirect with pre-decrement........ 30
Register Settings........ccecvevereereeeceennennens 237
0 Registers
. ABRKCR......ccoeiree 60, 347, 353, 357
On-board programming modes.......c...... 84 ABRKSR ..o 62, 347, 353, 357
Operation field..........coccveieroiriiiieee 27 ADCR ... 294, 347,352, 357
OVEITUN €ITOT ... 260 ADCSR..... 293, 347,352, 357
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ADDRA ........cccevee 292,347, 352,357 PCRS...coovviii 112, 348, 353, 358

ADDRB.........ccccueue 292,347, 352, 357 PCRO6.....ccoeviiiin 117, 348, 353, 358
ADDRC. .........ccceeuee. 292,347, 352, 357 PCR7...coovviiiin, 122, 348, 353, 358
ADDRD.......ccccecues 292,347, 352,357 PCRS.....ccoeviiin 126, 348, 353, 358
BARH......ccecviiii 62,347, 353, 357 PDRI....coooiiiiiiiiis 99, 348, 353, 357
BARL .....ccoovii 62,347, 353, 357 PDR2.....ccooviiiiiin 104, 348, 353, 357
BDRH......cccecvviiin 63,347, 353, 357 PDR3.....ccoiiiii 108, 348, 353, 357
BDRL .....ccceiiiii 63, 348, 353, 357 PDRS....oooiiiiii 112, 348, 353, 357
BRR ..o 249, 346, 352, 357 PDRG.......cocvvvinnn 117, 348, 353, 357
EBRI .cocooiiveicicicene, 83, 346, 352, 356 PDR7.ccovirieieieiennn. 123, 348, 353, 358
FENR...coovvirieiiiinne, 83, 346, 352, 356 PDRS....coerveiereienn 126, 348, 353, 358
FLMCRI.....cccceoveninnne. 81, 346, 352, 356 PDRB....cccoovriererenn 128, 348, 353, 358
FLMCR2......cccceoeninnnne. 82, 346, 352, 356 PMRI ...ccoovviiiiiiiiinns 98, 348, 353, 358
GRA ..., 164, 344, 350, 355 PMR3 ..o 104, 348, 353, 358
GRB...ccooviiiiiiine 164, 344, 350, 355 PMRS...cocviiiiiiiinnn 111, 348, 353, 358
GRC...ocooiiiiiiin 164, 344, 350, 355 POCR.....cocvvierenenn. 173, 344, 350, 355
GRD....oovvreiiiinn 164, 344, 350, 355 PUCRI ....cccvevernenn 100, 348, 353, 357
ICCRI...coiiiiene, 282, 345,351, 356 PUCRS ..o 113, 348, 353, 357
ICCR2...coooviiiie 285, 345,351, 356 PWCR....cocvviiiinn 236, 347, 352, 357
ICDRR.....cccovvreenn 295, 345, 351, 356 PWDRL ......cccocvuen 237,347, 352,357
ICDRS ..o 295 PWDRU.......c.cceeveuen. 237,347, 352,357
ICDRT ..ot 295 RDR ....cooiviiiiiiin 242,346, 352, 357
ICDRT ...coovviiiiiiiiiee, 345, 351, 356 RSR ..o 242
ICIER......coviiien 289, 345, 351, 356 SAR ..o, 294, 345, 351, 356
ICMR....ccoiin 287,345,351, 356 SCR3 ... 245, 346, 352, 357
ICSR ..o, 291, 345, 351, 356 SMR ....ccoviiiiiiiiiinns 243, 346, 352, 357
IEGRI ..o 46, 349, 354, 358 SSR . 247,346, 352, 357
IEGR2.....cccvviii 47, 349, 354, 358 SYSCRI....ccooovvviiiinn. 70, 349, 353, 358
IENRI ..o 48, 349, 354, 358 SYSCR2.....cccvvviiinn 72,349, 353, 358
IENR2......coviiiiiii 49, 349, 354, 358 TCBI..coooiiiiiiiiin 131, 346, 351, 356
IRRI oo, 49, 349, 354, 358 TCNT....ccoviiiien 164, 344, 350, 355
IRR2 ..o 51, 349, 354, 358 TCNTV .o 135, 346, 352, 356
IWPR ..o 51,349, 354, 358 TCORA.......ccce 136, 346, 352, 356
LVDCR.......ccceevenurnnenn. 333, 345,351, 356 TCORB......cccevverenene. 136, 346, 352, 356
LVDSR....cceiiiinn 335, 345,351, 356 TCR. oo, 165, 344, 350, 355
MSTCRI...cocovvvveinnne. 73, 349, 354, 358 TCRVO....ooovviiiannnn 137, 346, 352, 356
MSTCR2......ccccovevuennne. 74, 349, 354, 358 TCRVI..ccvviiiiiinnn. 141, 346, 352, 356
PCRI..cociriiiiiiicicnne, 99, 348, 353, 358 TCSRV..cevvviiiinnn. 139, 346, 352, 356
PCR2.....ccoviiiinnn, 103, 348, 353, 358 TCSRWD......ccceeveuee. 230, 347, 353, 357
PCR3.....coiiiiiin, 107, 348, 353, 358 TCWD...ccoovviereenn 231, 347, 353, 357
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TDR...oovviieeeene 243, 346, 352, 357 Software protection............cecvecveeverreennens
TFCR .ooovveieecee, 159, 345, 351, 355 Stack pointer (SP)......cccocvevvveviircieeieiiennene
TIER ..covoviiiiiiieiee, 172, 344, 350, 355 Stack Status ....cceeevveeveiiiieeeeeeeeee e,
TIORA......cccvveeveeeee 167, 344, 350, 355 Standby mode ........cceecvevieriieieieeeeene
TIORC. ......cvvvevieere 169, 344, 350, 355 Start condition..........cccceeeevieeiiieiiieeeieennns
TLBI oot 131 Stop condition........c.ceeeeveerverieenieeieenene
TMBI ... 130, 346, 351, 356 Subsleep mode.......cccocvevveriieriieienieieenen.
TMDR .......coovvvveennen. 157, 345, 351, 355 Synchronous operation...............cceeveeueenee
TMWD .....coovveveennn. 232,347,353, 357 System clock generator...........cccceeevveneeneen.
TOCR ...ovveveeiin, 163, 345, 351, 355 System control instructions.......................
TOER....ccooieeeeeeneen, 161, 345, 351, 355
TPMR ....oooevveeenn, 158, 345, 351, 355
TSR, 170, 344, 350, 355 T
1 U 156, 345, 351, 355 Timer Bl .ooooooiiiiiiciecececee e
Registers states in each operating THNEE Voo
MOAE ..o 355 TIMEL Z, oo
Reset exception handling...........cccc.cccc..... 33 Transfer 1ate..........cocvveuverecureceenreeennenns
Reset synchronous PWM mode.............. 193 Trap instruction...........cccoeevvviininnccnennnn,
ROM...ooiiiiiieeee e 79
A%
S Vector address.......c.ooveveenveeeeenrevnenneennes
Sample-and-hold circuit ............cceueeneene 296
Scan mode ......cooeeeeeiiiieieeeee, 295
Serial communication interface 3 W
(SCIS.) .......... S 239 Watchdog GMeT......oorooooeoooeooor
Shift inStructions............ccocveeeeveeeeecieeenns 22 Waveform OUUE ..o
Single mode.........ccoceevieniiniiiiiieniene 295 Waveform output by compare match
Slave address ........oovveeeeeeereeecieeeieeeneene, 297 WKPS t0 WKPO interrupts ............o.....
Sleep MOde ......oeevvieeieiieiieieeece e 76
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